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FOREWORD 



This document was prepared by Rocketdyne Division, 
Rockwell International, under Contract NAS8-27980, 
to satisfy requirements of Data Procurement Docu- 
ment 341, Data Requirement No. SE-236-8. 


ABSTRACT 

This report presents a linear model of the Space 
Shuttle Main Engine for use in Pogo studies. A 
digital program is included from which engine 
transfer functions are determined relative to the 
engine operating level. 
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SSME ENGINE MODEL 


SCOPE 

This document provides a set of linear differential equations which describe the 
response of SSME engine parameters to variations in independent interface variables 
The model provides adequate accuracy and frequency range for use in Pogo studies 
of the Space Shuttle 'Vehicle. 

APPLICABLE SUPPORTING DOCUMENTS 

The following documents, of the exact issue shown, form a part of this document 
to the extent specified herein: 

■ i ■ _ • • . ■ 

•i RL00001 - Engine Balance and Dynamic Model (Revision E, February 1973) 

• DVS-SSME-101A - Design Verification Specification Space Shuttle Main 
Engine, Volume 11,20 July 1973 

• RC1010 - Computer Program Requirements Document, Controller (Revision D, 

February 1973) . t 

NOMENCLATURE 

Variables 

.2 

= area, in. 

2 

= fluid compliance, in. 

= weight flowrate, lb/sec 

* oxidizer fraction in combustion process, dimensionless 

2 

= gravity constant, 386.4 in. /sec 
= specific enthalpy, Btu/lb 
= length, inches 
inertance, sec 2 /in. 

= total pressure, psia 

* -pressure ratio , v 
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SUBSCRIPTS 


C 

CN 

CCV 

CIES 

FI 

FN . 


2.. 5 

resistance to tlow, sec /in. 
rotational speed, rad/sec 
differential operator, sec 
temperature, R 
hot-gas wall temperature, R 

ambient wall temperature, R 

, . 3 

volume, m. 

weight , lb 

actuator piston position 

function of X 

turbine speed parameter 

percent of total valve travel, dimensionless; valve angular 
position, degree 

operator for small variation 

2 

viscosity, lb-sec/in. 

3 

density, lb-in. 
time constant, sec 
torque, in. -lb 
normalized flow variable 
normalized area ratio A/A 
normalized stroke ratio, X/X 
heat flux, Btu/sec 
coefficient in linear model 

coefficient in nonlinear model evaluated at EPL 


combustion chamber 
thrust chamber 
thrust chamber nozzle 
coolant control valve 
combustion injector end static 
main fuel injector 

fixed nozzle or primary nozzle heat exchanger 
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FP 

FS 

FI 

F2 

FD1 

FD2 

FPF 

FPO 

FPV 

FP1 

FP2 

FT1 

FT2 

FNBP 

FPOI 

FT1D 

FT2D 

MC 

MFV 

MFVD 

MOV 

01 

OP 

OS 

0S1 

01 

02 

OD1 

OD2 

OD3 

OPF 

OPO 

OPV 

OP1 


fuel preburner 

low-pressure fuel pump inlet 

low-pressure fuel turbopump 

high-pressure fuel turbopump 

downstream of low-pressure fuel pump 

downstream of high-pressure fuel pump 

fuel preburner fuel 

fuel preburner oxidizer 

fuel preburner oxidizer valve 

low-pressure fuel pump 

high-pressure fuel pump 

low-pressure fuel turbine 

high-pressure fuel turbine 

primary nozzle bypass 

fuel preburner oxidizer injector 

low-pressure fuel turbine discharge 

high-pressure fuel turbine discharge 

main chamber heat exchanger 

main fuel valve 

main fuel valve downstream 

main oxidizer valve 

main oxidizer injector 

oxidizer preburner 

low-pressure oxidizer pump inlet 

high-pressure oxidizer pump inlet 

low-pressure oxidizer turbopump 

high-pressure oxidizer turbopump 

downstream of low-pressure oxidizer pump 

downstream of high-pressure oxidizer pump 

downstream of high-pressure oxidizer pump preburner boost stage 

oxidizer preburner fuel 

oxidizer preburner oxidizer 

oxidizer preburner oxidizer valve 

low-pressure oxidizer pump 

: ' RSS- 8549-2 ■ 



0P2 

= 

high-pressure oxidizer pump (primary) 

OP3 

- 

high-pressure oxidizer pump preburner boost stage 

OT1 

= 

low-pressure oxidizer turbine 

OT2 

= 

high-pressure oxidizer turbine 

0P0I 


oxidizer preburner oxidizer injector 

OTPR 

= 

oxidizer tank pressurization 

PR 

= 

pressure ratio 

POS 

= 

preburner common supply pressure 

T 

= 

temperature 

TC 

= 

thrust chamber 

V 

= 

vapor pressure 

W1 

= 

hot-gas wall 

W2 

= 

ambient wall 

(3) 

= 

high-pressure fuel pump discharge 

(4) 

= 

fixed nozzle heat exchanger 

(5) 

= 

main chamber heat exchanger 

0) 

= 

preburner fuel supply 


ENGINE CYCLE DESCRIPTION 

The engine flow schematic is shown in Fig. 1. Significant features are as follows 
Two turbopumps are used in series in both the fuel and oxidizer system with an 
additional high-pressure stage on the shaft of the main high-pressure oxidizer 
pump to supply preburner oxidizer flow. A topping cycle is used in which most 
of the fuel is burned with about 10 percent of the oxidizer in the preburners. 

The preburner flow drives the turbines of the high-pressure fuel and oxidizer 
turbopump. The fuel-rich flow is subsequently burned with the remainder of the 
oxidizer in the main combustion chamber. 

The low-pressure fuel turbopump is powered with fuel which has been heated in the 
coolant passa es of the thrust chamber. This gas is then mixed with the fuel- 
rich turbine drive gases. The low-pressure oxidizer turbopump is driven with 
liquid oxygen from the high-pressure oxidizer pump discharge and is discharged 
back into the flow stream of the low-pressure oxidizer pump, 
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Figure 1. SSME Flow Schematic 
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The system is controlled by use of three scheduled valves and two closed loop 
control valves. The main oxidizer, main fuel, and coolant control valves are 
scheduled as a function of command thrust level. The closed loop controls sense 
fuel and oxidizer flowrate as well as thrust chamber pressure and vary oxidizer 
flow to the two preburners to accurately control engine thrust and mixture ratio. 
The resolution required for steady-state control is such that low level oscilla- 
tions may pass undetected through the engine system with no response from the 
engine control system. 

Information concerning analytical descriptions of components and system processes 
are contained in RL0001, Engine Balance and Dynamic Model, Ref. 1. Complete in- 
formation in engine balance points may be obtained from DVS-SSME- 101 , Design Ver- 
ification Specification, Space Shuttle Main Engine, Ref. 2, Details of the con- 
troller performance are contained in RC1010, Computer Progress Requirements Docu- 
ment, Controller, Ref, 3. Significant information from each of the reference 
documents (using the latest revisions at the time of this publication) are also 
contained in this report. 

NONLINEAR MODEL 

The equations for the nonlinear model shown in Table 1 are basically those in 
Ref. 1. The only modifications which can be presently justified are those which 
add local fluid compliance. Where possible the exact form and nomenclature of 
Ref. 1 is used. Note that Equation 42 and 43 are additional equations to include 
fluid inertia between the low-pressure and high-pressure oxidizer pump and to 
include high-pressure pump compliance. 

Numbering for the nonlinear equations is related to the reduced linear equation 
set. All equation numbers which have an alphabetical suffix indicate that the 
dependent variable associated with that equation was eliminated in the linear 
equation set. 
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Coefficients for the nonlinear equation set are labeled as BXX. These were obtained 
directly from Ref. 1 and are included as Table 2 along with required balance data 
for a typical EPL (109 percent) engine and coefficients for nonlinear equations, 
based on Ref. 1 EPL power balance. These values are based on the EPL (109 percent) 
and need not be changed for subsequent runs at different power levels. 

Functional characteristics of components shown in Figures 2 through 22 are taken 
directly from Ref. 1. Note that most of the functions are in a form such that 
they are normalized to the 109 percent thrust level (EPL). 


TABLIi 1. SSME NONLINEAR ENGINE MODEL EQUATIONS 


Low-Pressure Fuel Pump 


^FPl " 811 (DlV FD2 //S Fl- ) 


FD1 


FP1 


p fs + B12 (s pi ) r p ^ M> FP1 ) 

bi 3 (S F1 ) r T W> FP1 ) 

FP1 


fla) 

flj 

(lb) 


Low-Pressure Fuel Turbopump Speed 


S Fl = 814 /^ T FT! " T FP1^ dt ’ 


( 2 ) 


Low-Pressure Fuel Turbine 


T 

FT1 

Bi6 l p ( 5 ) ] r T |[ p FI / p C5)] FT1S , n FT1 j 

(2a) 

n FTl 

bis [s F1 / /iwj 

(2b) 

DWpTi 

•Pressure 

|B17 [p( 5) - P F J PCS) J. 1/2 
Fuel Pump 

(2c) 

^FP2 

B18 CDK FD2 /S F2 ) 

(3a) 

P FD2 

P FD1 + 819 (S F2 ) r P pp . ^FP2 ) 

FP2 

(3c) 

P FP2 

620 (S F2 ) 2 r Tpp2 » FP2 ) 

(3b) 

DW FD2 = 

B21 /[ P FD2 - P MFVD - 822 < D W [A/ *W 2 ] dt 

( 3 ) 

t A /^] M FV 

r MFV 

(3d) 
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TABLE 1. (Continued) 


High-Pressure Fuel Turbopump Speed 


Sp 2 = 623 J C r px2 " T FP2-* dtJ 

H(3) « B103 (T pp2 ) (S F2 ) 


( 4 ) 

(4a) 


High- Pressure Fuel Turbine 


DW, 


FT2 


B24 ( p pp) r pR [( p pj/ P Fp) ]/ ( T pp^ 


1/2 


T FT2 “ B26 ^FP-* F T pT7 P P FI /P FP 5 * r ' FT 2^ 

r 12 


n FT2 = 625 [ S F2l 

T dd (PR) = [PR ^ 1,4 _ pR 2 * 4 / 1 * 4 ] 
r K 


1/2 


(4b) 

(4c) 

(4d) 

(4e) 


Low-Pressure Oxidizer Pump 


*0P1 - C B27/ V < DW osi “ D W 


P ODl = P OS + 828 ^ S 01? ^Qp^OPll 


DW 0S = B 3l/[ p oT - p 0S > B32(DW 0S )] dt 
p os = B33 / ( DW OS “ DW 0S1 + dw otP dt 


T OPl =B34 < S 0I 5 r T opi %pP 


(5a) 

( 5 ) 

(5b) 

(Sc) 

(5d) 
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TABLE 1. (Continued) 


DW OTPR = 8106 P OD2 


(5e j 


DW 0S1 = B115 /[ P ODl " P OSl] dt 


(42) 


Low-Pressure Oxidizer Turbopump Speed 
S 01 = 835 /^OTl " T OPp dt; 


( 6 ) 


Low-Pressure Oxidizer Pump Turbine 


T OTI = B36 f DW oTl^ r T QT1 ^OTp 


(7a) 


DW. 


bn = [ (p od2 ' p odP / (B37 + r otP] 


1/2 


R OTl = r R OT1 ^OTl ) 


(7) 

(7b) 


«OTl = 838 CS 01 /D, W 


(7c) 


High-Pressure Oxidizer Pump 


P OSl S B116 /[ DW OSl DW M0V ~ DW 0I1 “ DW OP3 ‘ DW OTPR] dt 


0 op2 ■ (B39/S q2 ) (DW mqv + DW qt1 + dw 0P3 + dw otpr )‘ 


P OD2 = P OSl + 840 f S 02? r P 0p2 ^OP2 5 ] 


(43) 

(8a) 

( 8 ) 


T OP2 = 841 (S 02' ) r T op2 ^OP2 3 


(8b) 
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TABLE 1. (Continued) 


Kj 

High-Pressure Oxidizer Turbopump Speed 

S 02 = B42 / (T 0T2 " T OP2 ' ^OPS 5 dt; (9 ' ) 


High-Pressure Oxidizer Pump Preburner Boost Stage 



+0P3 ‘ B4S t DW 0P3 /S 02 5 

(10a) 


T 0P3 = 844 (S 02 5 ^Qpj^OPS- 5 

(10b) 


P OD3 = 845 (S 02 ) ^Qpj^OPS- 1 + P OD2 

(10c) 


DK 0P3 ‘ B46 /[ P OD3 ' P POS ' B104CDW O p S > ? ]dt 

(10) 

f } 

High-Pressure Oxidizer Turbine 


i : 

i 

j " ■ 

i 

T OT2 = 829 CP 0P 5 r T 0T2 [^FI^OP 5 .^OtJ 

(lOd) 

. . ' • . 
j ■ . • • . 

n OT2 = 847 ^02] 

(10e) 

-• . 

. . : : / " • 
t : ■ • 

DW 0T2 = 848 ^OP 5 I ’pr[ ( ‘ P FI /P OP ) 1 ]/v/ T OP 

(11) 


Preburner Oxidizer Supply Pressure 



P POS = B49 /( DW QP3 " DW FPO " DW OPO^ dt 

(12) 


Fuel Preburner Fliel Flow 



DWppp = BS0/{P(9) - P Fp - [B51/p(9)] (DWp p p) 2 \dt (13) 

O 


TABLE 1, (Continued) 


Fuel Preburner Oxidizer Flow 

DW FPO = B52 /[ P POS - P FP • 853 (BW fpo /[A/A] fpv ) 2 - BS4CDW Fpo ) 2 jdt (14) 
[A/A] Fpv . - r ppv ([X/X] Fpv ) (14a) 

Fuel Preburner Combustor ■ 

P FP = B56 /( DK F PF * DW FPO ' 8111 “W dt C15) 

f fp 3 “fpo ' < dw fpo ’ dw fpf> tI5a) 

T pp = r T (F pp ) ♦ B112 [T(9)l (ISb) 

Oxidizer Preburner Fuel Flow 

DW opp = B57y|p(9) - P 0p - [B58/ p(9)] (DW QpF ) 2 |dt (16) 

Oxidizer Preburner Oxidizer Flow 

DW OPO 3 B59 /[ P POS * P OP - 860 (D1 W 2 - 861 (DW opo /( A /A] opv ) 2 ]dt (17) 
[A/A] 0 pv = ^OPV ^X/X] opV ) (17 a ) 

Oxidizer Preburner Combustor 

P op = B63/(DK opp * DK opoI - B107 DW 0T2 ) dt (18) 

f op 3 dw opo ' ' dw opo * D W (18a) 

T OP = W + 8113 [T(9)1 (18b) 
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TABLE 1 . (Continued) 


Main Chamber Fuel Injector 


P FI “ 864 / (° W FT1 + DW 0T2 + DW FT2 


+ DW 0T2 + ° W FT2 - 8108 w Pi5 dt 


DW FI = B65 (P FI )r pR [P c /P FI ]/yr^- 


T pi = B66 (T Fp ) + B67 (T 0p ) + B68 [T(5)l 


(20 a) 


Main Chamber Oxidizer Injector 


DW MOV - B69 /[ P OD2- P C - 670 tDW M0V / i^W 2 - B71(DW MOV )2 ] dt (21) 


^ A/A ^M0V = r MOV ^ x Al MOV ) 


(21a) 


Thrust Chamber 


P rTR _ = B114 P„ 
CIES c 


(22a) 


P c = B72 / (B109 DWpj * DW^ QV - DW C[J ) dt 


F c ■ ( DW MO v + DW 0P3^ ^ (DW M0V + DW FI^ 


DW cn * B73 (P c /C*) 


(23a) 


C* = 35000 + 210500 F Tr - 173500 (F T _)‘ 


(23b) 


MR - (DWq TPR + DW mqv + DW op3 )/DWp D2 


T C = r T (F TC 5 
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TABLE 1. (Continued) 


Main Chamber Regenerative Cooling Element 

P (5) = B74jjDQ wl C5) + DQ W2 (5) + H(3) DW MC - H(S) DWp^dt (24) 

H(5) = B101 [T(5) ] (24a) 

DW MC ’ 875 /{ P MFVD - Pf5 > - [B76/p(S)3 (DW MC ) 2 |dt (25) 

PCS) . B77flDW MC - DV* FT1 ldt (26) 

T (5) = B78 [P (5)/ p (5)] (27) 

D V C5) = B79 [1.0 + 0.002 T (5 )] [^(5) - T(5)J (DW^) 0,8 (27a) 

DQ W2 (5) = B80 [1.0 + 0.002 T(5)] [^(5) - T(5)] (DW MC ) 0 * 8 * (27b) 

DQ TC (5) = B81 [T c - T W1 (S)] (DW C /- 8 (27c) 

T W1 (5) = B82j‘[DQ TC (5) - DQ wl (5)]dt (28) 

T w 2 (5) = B83y[-DQ W2 (5)]dt ' : • ( 29 > 

Fixed Nozzle Regenerative Cooling Element 

P (4) = B84/[DQ W1 (4) + DQ W2 (4) - H(4) DW(4) + H(3) DW pN ]dt (30) 

; DK fn . = B8 s/[P mfvd _ P(4) - B86 CDW pN ) (31) 

0(4) = B87/[DW FN - DW(4)]dt (32) 

T(4) = B88 [P(4)/p(4)l (33) 
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) 





TABLE 1. (Concluded) 


DQ W1 (4) = B89 [T wl (4) - T(4)] [1.0 + 0.002 T(4) J (DW^f* 8 

(33a) 

DQ W2 (4) = B90 [T W2 (4) - T(4)][1.0 + 0.002 T(4) ] (DW^) 0 * 8 

(33b) 

H(4) = B102 [T(4)3 

(33c) 

DQ tc ( 4 ) - B91 [T c - T wl (4)] (DW cn ) 0 - 8 


T m (4) = B92 /[DQ tc ( 4) - DQ wl C4)]dt 

(34) 

T w 2 (4) - B93/‘[-DQ w2 (4)]dt 

(35) 

Fixed Nozzle Inlet, Discharge and Bypass 


DW(4) » B94J7p( 4) - P(9) - [B95/p(4)][DW(4)] 2 )dt 

(36) 

PC9) - B96|[DK(4) * DW pNBp - D» opF - DW FpF ]dt 

C37) 

P MFVD = B9?((Bnu BW pD2 - DW pN - 0W M( , - BK pJ)Bp ) dt 

(38) 

DW FNBP * B98 / O'mFVD - - ( B99 > CDW FNBp / tA/A) c(;v ) 2 ]dt 

(39) 

[A/A] ccv = r cCV 

(39a) 

T(9) = B100 [P(9)/p(9)] 

(40) 

p(9) =[DW FNBp + DW(4)J /[DW(4)/p(4) + B105 DW FNBp ] 

(41) 


TABLE 2. COEFFICIENTS FOR NONLINEAR MODEL EQUATIONS 


Bll 

- 

(tfppi) (s f1 )/bw fd2 


B12 

. m 

^ P FD1 “ ^ P FS^^ S P1^ 


B13 

M 



Bl4 

m 

l.°/G F1 


B15 


^FTl ^ T(5 ^/ S F1 


Bl6 

m 

/ { [*r m ] f? 15 *] } ( 

{[K5) - P pr ] ?(5)/(w Frl ) 2 } ' 


B17 

. m 


bi8 

m 

(^FP2^ ^F2^^FD2 


B19 

m 

( P FD2 " P FD1^^F2^ 


B20 


^FF2^ S F2^ 


B21 

m 

2500.0 


B22 

• 

m 

[ P FD2 ‘^MFVnl ( MFv) A DW FD2 ^ 

B23 




B2^ 


DW FT2^^Fp/{ P FP r PR [( P Fl/ P Fp) ^ ]} 

B25 


n FT2 /S F2 ! 


B26 


( W( f T FK ) P FP 


B2? 


m) < V/ (D W + "W 


B28 

m 

^ P ODl _ P 0S^ S 01^ 


B29 


lT ° T ^'0I2) P ° P ^ 


B30 

m 

"or - 1 -° 
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TABLE 2 . (Continued) 

B 31 

m 

1-0/ [‘/AbIos 

B 32 

m 

< f ar * V^os 

B 33 

at 

150.0 in“ 2 

B 34 

n 

W<V 

B 35 

a 

i-O/Goi 

B36 

m 

^ 0 Tl/& DW 0 Tl^ r T 0T1 ^OTl^ 

B 37 

m 

^0D2 “ ^ODl^^OTl^ " ^ T1 

B38 

m 

(*0T1^ ^OTl^Ol 

B 39 

- 

^0P2^ ^OS^^MOV + ^OTl + ^OPS^ 

B 40 

s 

^0D2 " P 0D1^^02^ 

B 41 

m 

^022/^02^ 

B 42 

- 

i.o/g 02 

B 43 

- 

(♦0P3) (^^^OPS 

b 44 - 

s 

r 0P3^®02^ 

B 45 

. c 

^ 2 0D3 ■ P 0D2^^02^ 

b 46 

. ' • ' ' at 

100.0 in 2 /sec 2 

B 47 

0 

n 0 T 2^ S 02 

348 

at 

W 0T2^"^)p/{ P 0P ^pr [^fi^op^ ]} 

b 49 

V 

33120.0 in -2 

B50 

** 

66.675 in 2 / sec 2 

B 51 

. * 

m - f FpF (9) ]/ ( ^FFF) 2 


TABLE 2. (Continued) 


B52 

b 

50.0 in 2 / sec 2 

B53 

s 

( P POS “ ^FPOI^ ^ /(DW Fpo ) 

B5k 

B 

( P FPOl ' P FP )/(l *W 

B55 

B 

1 *°/^FPOI 

B 56 

m 

1379.0 in ' 2 

B57 . 

« 

100 in 2 /sec 2 

B 58 

B 

[?( 9 ) - P op ] [A( 9 )]/Cdh opf ) 2 

B59 

B 

10.0 in 2 /sec P 

B 60 

B 

^OPOI " f 0P )/(DW 0P0 ) 

B 6 l 

B 

( p pos ' p opoi^ (^ a /a 7 opv ) /(dWqpo 

B 62 

B 

' 1 ‘°/ S OPOI 

B 63 

B 

35000.0 in ' 2 

B64 

B 

3949.0 in .* 2 

B 65 

B 

^FI^V [ P FI ^PR ^ P c/ P FI^1 

B 66 

a 

0.5055 

B 67 

c 

O .2563 

R 

00 


0.2400 

B 69 v 

B 

50.0 in 2 /sec 2 

B70 


^ P 0 D 2 ' P 0 I^ (^ A / A ^M 0 v) A*W 

i ... . 

B71 


(P 0I . P c )/(S0 MOV ) 2 

B72 

B 

6838.0 in ' 2 

B73 

B 

(Sw CN )c*/P 0 
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B74 

B75 

B 76 

B77 

B 78 

B79 

B80 ’ 

B 8 X 

B82 

B 83 

B84 

B 85 

B86 

B 87 

B 88 

B 89 

B90 

B91 

B92 

B93 

B94 

395 

B 96 

B97 

B98 


TABLE 2 . (Continued) 

* 3.012 Xb/(Btu in 2 ) 

» 483*75 in 2 / sec 2 - 

* [ ? MFVD- 

- O.OOl in" 3 

- [t(5)]4.P(5)J/P(5) 

. P^ 1 (5)/([l+0.002 T(5)][^ 1 (5) - T(5)] .(5 w mc )°- 8 ) 

* 2.0(B79) ■ 

- ^c (5 4 s c- W 5) ]Kn] 0 ' 8 } 

- 0.31 °R/Btu 

* 0.0825 °R/Btu 

■ 2.544 lb/(Btu in 2 ) 

* 218.0 in 2 /sec 2 

" [*mfvd" f ( 4 )]/C D w FN ) 

« 0.0005 in” 3 

- [T(4)j [p(4)]/P(4) 

- 5^W/|y« - T(4)][l.0f0.002 T(4)] (DW^) 0 ’ 
. 2.0 (B89) 

- *»*«/{[*€ - V 4 >] (S ® )0 ‘ 8 | / 

m 0.1668 or/Btu 

- ^0.0834 ly'Btu 

■ 21.19 in 2 / sec 2 

- [p( 4) - P(9)][P(4)]/p(4)] 2 

■ 81600 in" 2 . 

- 32000 in" 2 

« 20.0 in 2 /aec 2 
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TABLE 2. (Continued) 


<J 


B99 

BlOO 

B101 

B102 

B103 

B104 

B105 

B106 

B107 

BIOS 

B109 

BllO 

Bill 

B112 

B113 

B114 

BUS 

B116 


“ [ P MFVD~ V A /AJ cCV^^FNBP^ 

- [t(9^P(9)]/p(9) 

- H (5)/T (5) 

- H (4)/T (4) 

» H( 3 )/[T pp2 (s F2 )J 

■ ( f 0D 3 - ? P0s)/( & '0P 3 ) 2 

’ ([^FNBP + W (4) J/ P (9) ‘I 55 W > P W]] AW 

* W 0TPl/^0D2 1 

= (^OPF + PoPOl}^OT2 

- (DV m + Wppg + DW 0T2V^FI f w ) 

V <™cn “ ™oi>Afi 

= ( W FN + W MC + DV FNBPy^FD2 

* ^ W FPF + DW FP0lV^FT2 

= ^FP ” ^ (9) 

- &0P “ M < ? 0P>] A ( 9 ) 

" ^CIES^e 

* 1/L QS1 = 76.9231 in. 2 /sec 2 

* 1/C 2 » 1000 inT 2 

-*»• . ’ 

U 
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TABLE 2 . (Continued) 


REQUIRED BALANCE DATA FOR A TYPICAL EPL (109% POWER) ENGINE 

THE N'UMi'.TR Oh THE If I KIT ViklvAc IS: 2 


oS 

STF A|)Y— STATE VALUES 

FOR f NGA'IF 

PAX A-MLl LRS 









*2. 

A/ACCCV ) = 

1. COOL +00 

A/ / < ) F V ) 

St 

3 • J 0 V t —0 1 

A/ACKFV)= 

l.tGct+O’G 

A/A ( YUV 1 

S. 

1 . coot +0 0 

A/AILPV) 

St 

3.6LCL-01 


C* 

P.8UE+G4 

QGCTCA) 

= 

7.2236+04 

D0CTC5) = 

4.9256+Oa 

LG l Wl*» ) 

= 

7.223E+04 

L0IW15) 

St 

4. 9156 + 04 

8p. 

D6CW24) = 

0.0 

DC (>• 2*> ) 

s: ? 

0 . 0 

LiWCA) = 

4. 16.96+ Ol 

D.M 3) 

- 

3.5i*»t +U 1 

DWC ON) 

fi 

1.120c +03 

DWCFI) = 

2.627E+C2 

LWlFM) 

- 

A.lGVLtUl 

Dh'CMC) =■ 

3.5246+01 

LWC 01 ) 


b.t'*T3t+C2 

DW CCS) 

- 

9.615E +v2 

l§. 

CWCCCV) = 

e.ClVL+01 

LVCFD2J 

= 

1 . 602E+G2 

DKCFPF) = 

6.3156+01 

LW(FPO) 

=- 

7 • 9 jGt+O 1 

owcni) 

= 

3.524L+C1 

DWCFT2) = 

L.62 4 «F +0 2 

Da' ( h'OV ) 


6.34 31+02 

DhlDPF) = 

3. 8936+01 

DWCDF6) 


2.6136+51 

r.W(LF^ ) 

= 

1.0546+02 

DW(OTl) = 

1 .74CE+G 2 

DVJ (DT2 ) 

sr 

fa.339h+01 

DWCFNHP )= 

8.019L+.1 

nw(FPCl) 

= 

7.5306+51 

DWCL'KOI ) 

fi 

2. 6126 + 01 

la 

DW (OTPR 1 = 

1.3CC6+0C 

C.C H D) 

=• 

1 . OuOL+ L j 

r. c lpo ) = 

L.OOCl. + CO 

f .COT. SI 

=. 

9 .43c t— Cl 

FCTC) 

St 

3.392t-Cl 

FT IS = 

5. 696.6-0 L 

FT2S 

sr 

9.33Vfc-0i 

C' C F 1 ) = 

1 . lt.2L+ uC 

t hi 


3. 1766+00 

GUI) 

r 

2.tt2t+C0 


CIO?) = 

1.C92E+CG 

HC 3 ) 

=• 

A .4221 +02 

HCA) 

2 .1676+03 

h( 4 ) 

=S 

1.843E+02 

PC 4) 

= 

fc. 79*.6+ 03 


P ( 5 > a 

5.1436+03 

PI 9) 

fi- 

6 .6S0E+u3 

PCC) 

3.3306+03 

PIOUS) 

a 

5.2236+03 

PC Fl ) 

= 

3.6626+03 


P 1 FPL • * 

5.94GE+G3 

PC FS ) 

ts 

3 • oO'-t +Ol 

PCJI) - 

4.2936+03 

PCOP) 

= 

5.9296+03 

PCCS) 

a 

1. COOt +02 


PiOTl 

1.1S0E+G2 

PCFH) 

* 

2.320L+O2 

PCFL2) = 

7.0m. fc +03 

PCOOl) 

=. 

4.441E+C2 

PCLL‘2) 

s 

5 • 1706 + y 3 


Pf DD3 ) = 

fc!.4S4E+03 

PCPOSI 

ts 

£.4376+03 

PCFPUI) = 

7*2106+03 

PCMFVD1 

=- 

6.939E +03 

PCLPCII 

a 

<j.97c6 + (>3 

?a 

Ol 

cn 

RCFP) =• 

4-.633C ♦Cl 3 

K « LrF ) 

sr 

3 .03AF+03 

SC FI) = 

1*6386 + 0 3 

SCF2) 


3.922E+53 

SC LI) 

a 

5.709E*c2 

SfC2) = 

3.2626+03 

TC A ) 

=r 

fc. 7936+02 

TC3 ) = 

3 • 44 3 1" + C 2 

T( 9) 

= 

3.0336+02 

TIC) 

a 

6.2216+03 

oo 

TCF1) 

1.5331+03 

TCFP) 

=r 

T.991L+03 

T CLP ) 

1.54AE+03 

VWU4) 

a 

1 . L. O0 L +0 Jr 

TWICE) 

a 

1.33CC+03 

to tn 

H -t- 

TW2C4) = 

6.793F. + J2 

T W 7 ( i> ) 

= 

a, 443.6' + 62 

WCDI) 

4 .AC 06+01 

M(FPLl) 

s- 

2 .tACE+OG 

WCCPL'I) 

= 

1.50CF+00 

<o 

F.T A ( FT 1 ) = 

1.6606+02 

ETACFT2) 

=- 

4 . 13C G+02 

6TACGT2 )= 

3 .773 E+0*. 

KH0C4) 

=2 

1 .4736—03 

KHDC3) 

a 

1.4L2E— 03 

1 

N> 

RHO 19) = 

1.71FE-02 

UP IF PI) 

=: 

1.1331 +C4 

UPC IP 2 ) = 

1 .2966+05 

UP ( FT 1 ) 

= 

1.1536+C4 

UP (FT2) 

s. 

1 . 2 Vcl +0 3 


UPC OP 1) = 

2.D13E+G4 

UP CL Pi ) 


5.2361: + 04 

UP (CP 3) = 

t. 0456+03 

UP COT L) 

=. 

2 .UUL + U4 

UP ICT2) 

a 

5.c. 4 »3E+C , 4 


PKIIPP1 ) = 

l.COOfc+OC 

PII1C FP2) 


1.* ,- t.»:+o;. 

PKICLiPl) = 

1 • 00 0 L + C y 

PHI CLP2 ) 

st 

l.OOOE+OC 

PHI CLP3 ) 

a 

l.tiCCE +GC 


PhllCTl ) = 

4. A cor-u 1 

&M C l Cl ) 

= 

l.OCt E+CG 

LMCPFPl )= ' 

1 .0CCL+05 

LMUFFi) 

=• 

l.OCOt +CC 

0KCTFT1) 

a 

1.530E-02 


GM ( PFP2 ) = 

1 .OGOF, +0U 

GMCTFPa) 

= 

l.uGOb+OO 

GM CTFT2 ) = 

1.930E-02 

GM(POPl) 


i.C GC6+C0 

GMCTLP1) 

a 

1 • C0C6+CC 


GKCTCT 1 ) = 

7.0S0F-G1 

GK. ( Rf.Ti ) 

s- 

1.625F-Ci 

GKCPOPi )= 

l.OOuL + C'O 

0MITCP2) 

r: 

1 .-.•yuE+OU 

GMITC:P3) 

= 

1.CGG6+00 


GM 1 POP3 ) = 
GMI NF V| = 

l.GGGfc+OO 
1 .OCCF+Oy 

GMCTLT2) 
GMC( CV) 

=t 

2.5026-02 
1 .0CCC- + O0 

CMIFPV) = 

1.5341-11 

OK COPY) 


*» . 3406—0 1 

GM ( MOV I 

51 

l.COOE+CO 


PARTIAL OEP.iVATIVfcS 

Gl*( PFP1 I /PHI ( FPi ) - -1.06 'it + 00 CKOlH'l )/PHI CFP1 I = l.OOOE-Gl &K ( Tl T1 ) /lTM FT1 ) =-6.0006-03 

GMCTFT1 )/PCFU/P(5) -.-1.3GCF-G1 GMCPFPc J/PHICFPII = -5.CCCE-G1 GKC TFP2)/Pril (FP2 > = 4.CoOt-iH 

GM( TFT2 )/6T ACPT2) = -3.CDC6-G1 DM T FT?) /P ( FI )/P ( FP )= -5..G '-'08-05 GM ( Pl> 1) /Phi (OP 1 1 = -l.MLfc + GC 

GMCTOTlJ/PHICUTi) - -1 • 2'GGE +00 CM ( TOP 1 I /PHI (Oh 1 ) = ,C.C CKIRO 1 1 )/PHllOTl > = A. 3336 +00 

GW I POP2 1/PHI C0P2I -1.GOC6 +UG WHT GPi ) /PHI < LP2 ) = 3.&GCE-01 GM ( TCP3 | /Phi (GP2 ) = 2.CCCE-C1 

CHnOT2)/r»AIUT2) s. Gfc ( TLT 2 )/P 1F11 /P IOP )*- -l.UUOn-Gl GHlPLP^l /PH1C0P2 > - -5.UGGL-G1 

GK<T)/F CGP1 - 4 . 3 v . > t 4 w c M |Pt)/Ht I J / P COP ) = u.O CMTl/r(GP) - 4.2CGF+G3 

GMIP)/PIFI )/PIFP) = C.. I'lO O/PIC J/PO-I ). = 0.0 OtfUKT/FlTC) - 7.CCCE+J3 

GM(MFV)/X/X(MFV ) - I . JC l t ♦2 1 A, Ml FPV )/ X/ X ( FPV) - L.GGGE+Gl CMIDPV )/X/X I DRV ) - 2.GGCL+CG 

GM(KOV)/X/X(MOV) = 2.U0rE+0j wMCCCV J/X/XCCCV) = 5.G00E+00 

DW ( OS 1 )_ = l • 1 3 5F. +0 3 P(u3l), ..= 


jk ; ‘ . ■ .A» V rs ..rA A t .2* ■ i ■:<'> ■ ; -i ■ J ■■ 
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TABLE 2. (Concluded) 

COEFFICIENTS FOR NONLINEAR EQUATIONS BASED ON REF. 1 EPL POWER BALANCE 
VECTOR CF CLIr.iFFICIEN.1S LL'RRE S FL'Nl* INC 1C.' THE fiLOVk STEADY— MAT C VALUES, Bil THROUGH cllt. 


1.0225 £401 

1. 3S53E— 01 

4.2974L-&3 

3.62596-01 

2.36486400 

1.4653L4C2 

6.90 C 96 ♦ 22 

2.44026+01 

4.43116—04 

E.4254L— 03 

2. 5COOE+C3 

S.0265E-03 

3.14666-01 

5.61326400 

I.CSFIE-Ol 

3.9764E+10 

5.94356-01 

1.055tL-C3 

1.3371L+10 

4.30CC£+C'l 

l.C-OHuE + OO 

I.B721E-G2 

1. SOOOf +C2 

6.16246-02 

3.75666—01 

2. l**5St^00’ 

“6. *»062£— 03 

1.54luF— 01 

2. £7726400 

4. *»4 14F— 04 

_4.9226F-03 

9.1575E-01 

,3. C94Pf,'+Cl 

3. Ft 15E-C4 

3.U45E-04 

1.00006+02 

1.1S73E-01 

9.1222E-02 

3.S120L+C4 

6. 66756401 

I.7612E-04 

5.0000E+C1 

2. l6fioE-02 

2.0196b— 01 

3.7679E-01 

1.37306+03 

1.0GC’Cb+02 

8.15396-04 

1.UCG06+01 

1. 533464(30 

2. 9375F-01 

6.6667E— 01 

3. 5Q0C64G4 

3. Vt 906403 

3 .53930— 02 

3.05S0E-ui 

2.S6^GE— 01 

2.43006—01 

5.06006+01 

1.20 176 -03 

. 1.1270E400 

6.838CE +C3 

.2.9642E+04 

3.81206 *00 

4.8375E+C2 

2.0276E-03 

l.CCCi.t-03 

1.48436-04 

1.7401E+00 

3.46C2t+0-< 

3.6694E— 02 

3.1C00E-G1 

E.25GCE— 02 

2.544CF-4CG 

2.16006*02 

8.2632F.-02 

5.GOGCE-04 

1.47466-04 

2.6572E4C0 

5.23006400 

• 5. 2949 E— 02 

1 * 66B0E— 01 

b. 34006-02 

2.119G64G1 

1.21046-04 

3. 1600E+O4 

3.2C0C6+04 

2.00006+01 

4.4942b— 02 

1 • 8348fc— 0$ 

3.3E4E E+00, 

3 • 190 OE 4 DO 

C.7C17L-D7 

2.429 Jt— 03 

5.33536402 

2 .51456—04 

1 .02636+00 

9.93836—01 

1.C1046+C0 

9.8202E— 01 

' l.CCOOE+OO 

9. 999 IE— 01 

9.9346L-0T 

9. 70036-01 

7. 69236+01 

1 . C0GGL+S3 
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A resistance of 1.71875 * 10 Sec /In was used in series with HF v 
values listed below to obtain 


1000 RF 

V 

1 

r 

, FPV 

[ 0 /^] FPV 

0.0000 

1.0000 

1.0000 

0.2441 

0.6428 

0.9688 

0. 5721 

0.4806 

0.9375 

1.0375 

0.3770 

0.9063 

1.7632 

0.2980 

0.8750 

2.9811 

0.2335 

0 . 8438 

4, 8906 

0.1843 

0.8125 

7.8665 

0.1462 

0.7813 

12.0122 

0.1188 

0.7500 

18.1261 

0.0969 

0.7188 

27.6590 

0.0786 

0.6875 

41 . 8487 

0.0640 

O .6563 

67.0422 

0.0506 

0.6250 

117.7405 

0.0382 

0.5938 

228.3827 

0.0274 

• 0.5625 

522.1774 

0.0181 

0.5313 

1094.5552 

0.0126 

0.5000 

3648.5732 

0.0068 

0.4688 

5043,4377 

0.0058 

0.4503 


Figure 17. Fuel Prebumer Oxidizer Valve Effective Area vs 
Position Characteristic 
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Curve for Minimum Curve for Maximum 

By-Pass Leakage By-Pass Leakage 


1000 RF 
,v 

r 

FPV 

1000 RF 

V 

P FPV 

L 0 / 0 Jfpv 

0.0000 

1.0000 

0.0000 

1.0000 

1 . 0000 

0.2444 

0.6426 

0.2438 

0.6430 

0.9683 

0.5732 

0.4803 

0.5711 

0.4810 

0.9375 

1.0399 

0.3766 

1.0346 

0.3774 

0.9063 

11.7693 

0.2976 

1. 7572 ■ 

0.2985 

0.8750 

2.9950 

0.2330 

2.9673 

0.2340 

0.8438 

4.9209 

0.1837 

4.8605 

0.1848 

0.8125 

7.9307 

0.1456 

7.8O31 

0.1468 

0.7813 

12;1381 

0.1182 

11.8883 

0.1194 

0.7500 

18.3687 

0.0963 

17.8883 

0.0976 

0.7188 

28.1349 

0.0779 

27.1951 

0.0792 

0.6875 

42.7715 

0.0633 

40.9555 

0.0646 

O.6563 

68.9958 

0.0498 

65.1704 

0.0513 

0. 6250 

122.5059 

0.0374 

113.2478 

0.0389 

0.5938 

241.9623 

0.0266 

215.9150 

0.0282 

0.5625 

572.3822 

0.0173 

452.9515 

0.0195 

0.5315 

1438.8170 

0.0109 

874.3861 

0.0140 

0. 5000 

5531.1564 

0.0056 

2598.6158 

0.0081 

0.4688 

8535.5497 

0.0045 

3380.3136 

0.0071 

0.4503 


Figure 17. (Concluded) 
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CURVE FOR VALVE WITH NOMINAL 
BY-PASS LEAKAGE (REF.) 



1000 RF 

V 

r 

*0PV 

L y /%pv 

10.26 

1.00000 

1.0000 

13.11 

0; 88494 

0.9688 

16.33 

0.79268 

0.9375 

20.17 

0.71339 

0.9063 

24. 76 

0.64382 

0.8750 

30L33 

0.58171 

0.8438 

37'. 18 

0.52544 

0.8125 

45.72 

0.47380 

0.7813 

56. 59 

0.42587 

0.7500 

70.74 

0.38092 

0.7188 

89.65 

0.33835 

0.6875 

115.85 

0.29764 

O .6563 

153.80 

0.25833 

0.6250 

212.19 

0.21993 

0.5938 

310. 08 

0.18193 

0.5625 

496.75 

0.14374 

0.5313 

937.19 

0.10465 

0.5000 

2460.56 

0.06459 

0.4688 

2618.31 

0.06261 

0.4503 

Figure 18. Oxidizer Prebumer 

Oxidizer Valve 

Effective Area vs 

Position Characteristic 
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Curve for 

Minimum 

Curve for 

Maximum 


By-Pas a 

Leakage 

By-Pass 

Leakage 


1000 EF 

V 

r 

OPV 

1000 RF 

V 

r opv 

OPV 

11.14 

1.00000 

9.48 

1 . 00000 

1.0000 

13.93 

0.89431 

12.33 

0.87666 

0.9688 

17.52 

0.79735 

15.24 

0.78853 

0.9375 

21.81 

0.71459 

18.68 

0.71233 

0.9063 

26.99 

0.64235 

22.77 

0.64516 

0.8750 

33.32 

0.57813 

27.69 

0.58497 

0 . 8438 

41.17 

0.52012 

33.70 

0.53028 

0.8125 

51.06 

0.46702 

41.13 

0.47998 

0.7813 

63.79 

0.41784 

50.50 

0.43320 

0.7500 

80.57 

0.37180 

62.54 

0.38926 

0.7188 

103.37 

0.32825 

78.43 

0.^4760 

0 . 6875 

135.55 

0.28664 

100.08 

0.30772 

0.6563 

183.32 

0.24648 

1 130.78 

0.26919 

0 . 6250 

259.27 

0.20726 

176.76 

0.23154 

0 . 5938 

392.61 

0.16842 

| 251.00 

0.19431 

0.5625 

666.01 

0.12931 

* 384.79 

0.15693 

0.5313 

1401.46 

0.08915 

671.61 

0.11879 

0 . 5000 

4718.96 

0.04858 

1501.70 

0.07944 

0 . 4688 

5004.70 

0.04717 

1598.92 

0.07699 

0 . 4503 


Figure 18. (Concluded) 
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0.0000 

1.0000 

1.0000 

0.0062 

0. 5960 

0.9706 

0.0148 

0.4335 

0.9412 

0.0244 

0.3502 

0.9118 

0.0377 

0.2883 

0 . 8824 

0.0566 

0.2386 

0.8529 

0.0829 

0.1989 

0.8235 

0.1242 

O.I636 

0.7941 

0.1790 

0.1368 

0.7647 

0.2608 

0.1137 

0.7353 

0.3586 

0.0971 

0.7059 

0.5016 

0.0822 

0.6765 

0.6824 

0.0706 , 

0.6471 

0.9387 

0.0602 

0.6176 

1.2987 

0.0512 
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Figure 19. Main Oxidizer Valve Effective Area vs Position 
Characteristic ; 
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Figure 19. (Concluded) 
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A resistance of 3.4135 x 10 Sec /\n J was used in series with RF y 
values listed below to obtain 
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Figure 20. Main Fuel Valve Effective Area vs Position 
Characteristics 
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Figure 20. (Concluded) 
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CURVE FOR VALVE WITH NOMINAL 
BY-PASS LEAKAGE (REF. ) 


A resistance of 2.205 ac 10~ Sec /In was used in series with RF 
values listed Below to obtain r„„, r . 
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Figure 21. Coolant Control Valve Effective Area vs Position 
Characteristics 
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Figure 21. (Concluded) 
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LINEAR MODEL 


Linerization of the basic equations was accomplished by considering the effect of 
small variations in each independent variable in each equation. Where functional 
variations were required, the slope of the functional characteristic was used. 
Integral equations were rewritten in their differential form and the differential 
operator "S" was used. 

The linearized equations were then reduced by eliminating variables which were not 
required for display in the final solutions and which could be eliminated in a 
straightforward manner. All dependant variables which were defined in the non- 
linear model by an equation numbered with an alphabetical suffix were eliminated. 
(If necessary the frequency response of any of these variables can be constructed 
using solutions from the variables which were retained.) It should be noted that 
each variable variation has retained its units, e.g., it# variation is directly 
in psi, lb/sec, etc. 

The complete linearized set of equations is presented in a matrix format in 
Fig. 23. The coefficients in the matrix are generally dependent on operating 
level and are presented in Table 3. 

In order to determine the frequency response of the system, a general-purpose 
digital computer program was modified specifically for use on the SSME linear 
model. The coefficient values are calculated from parameter values and function 
slopes which are input to the program. Input data also define those variables 
requiring derivative columns, specifies the size of the matrix, defines the fre- 
quency span of interest, and specifies which frequency responses are to be gener- 
ated. Listings of the main and subprograms are contained in Appendixes A and B. 

The pertinent output from the frequency response program is contained in a later 
section of this report for the 109-percent power level (EPL). For power levels 
other than EPL, other engine balance data must be used. Sufficient information 
to generate the coefficients is found in Appendix C, although it is currently 
not in a convenient form. 
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A - MATRIX OF OUTPUT VARIABLES 
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TABLE 3. LINEAR ENGINE MODEL MATRIX COEFFICIENTS 


A(l,l) = 1 - 

B(l,2) = Pp S - Pp D1 


C(l|2) = 


( arp FPl/ 34>FP1 )»FPl 


FP1 


A(l,2) = B(l,2) ^2 - C(1,2)J 


'FI 

l 

A (1,3) = B(1 


B(2, 2) = 


= rw^ 


FP1 


■FP1 


C (2 


( 8 S T1 ^ n FTl) n FTl 


FT1 


A(2,2) = S - Jt fp1 [-2 + B(2,2)] + Tp n C(2,2)J 

[ ~B(2,2)1 

L DW FD2 J 


A(2, 3) = B14 


B(2,19) = B14 x FT1 
A(2, 1 9) = - 

A(2,24) = p^gy Jb(2 , 19) - B14t ft1 J 


K T1 /TFI /P(5 f 1S ] pFI 1 FT1S 

1 FT1/ r - — — Jft is wj 

. t FT1 - 
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TABLU 3. (Continued) 


A(2,27) = B14 

<W [z-Ttij] 


A(3, 1) = -B21 



B(3,5) = 

ew**™ : 

) <f) FP2 

%P2 


ACS. 3) - S -B21 tP FD2 -P fD1 ) T 

BC3.3)*] 

DW FD2j 

A(3, 4) = -B21 

r P FD2‘ P FDll r*, 

l S P2 J 12 

- 6(3,3)] 

A (3, 38) = B21 



B(4, 3) = 

( 8r w^ 

:) ^FP2^ 

r 



(B21) (B22) DW 


FD2 


(A/ A) 2 


MFV 


FP2 


A(4,3) = B23 


(T Fp2 ) B(4,3) 


DW 


FD2 


B(4,4) = 


3rT FT2/ ST>FT2 


FT2 


A (4,4) = S + B23 




tT pp2 )(2-B(4,3)) 


F2 


-Ct FT2 ) B(4,4)(B25) 


3 


B(4, 15) = 



!ei\ 

P FP/ 


FT2S 


52 



TABLE 3. (Continued) 


B23 (x pT7 ) 

A(4,15) p - ■ [1 - B(4,15)] 

FP 


A(4,19) = - B23 


M -■ 


15) 


A(5,5) = 1 




BC5.6) = ( ‘ 0P1 




^OPl 


OP1 


A(5,6) = - [2 - B(5,6)] 

b 01 


A (5 , 42) = - 


^ P QD1~ P QS^ 

DW M0V + ° W OP3 


A(5, 7) = -A(5,42) 


B(6,6) = 


fwS 


^OTl 


l OT1 


C(6,6) 


( 3r T opi/^oPi) *on 


0P1 
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TABLE 3. (Continued) 


A(6,6) = 
A(6, 7) = 
A(6, 10) = 
A(7,5) = 

B (7 

A(7,6) = 

A(7 , 7) = 

A(7, 8) = 
A(8, 43) . 

B(8 


- Hi 

s oi 

[( t o T1 ) b < 6 ' 6 ’ - < 2 )CW * 

(T opi ) C(6,6) 

B35 

dw oti 

(T on ) [2 - B(6,6)] -A(6,42) 


B35 (t Qpi ) CC6,6)^/JdW M0V + DW op3 + 

dw otpr] 

DW 0I1 




2( - P OD2" P ODl‘ ) 


61 = ( DW ° T1 ) ( 8rR OTl/ 34>OT1 ) +0T1 

2 (« 7 * R 0Tl) 

B(/,6) 


i _ B(7,6) 

OWqti 

-A(7 ,5) 

-1 

7) ( 3 W*™) 

P P 

*OP2 
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TABLE 3 . (Continued) 


A(8,7) = - 


B C 8 *7) C4>qp 2 ) C p od2" P odP 

DW MOV + DW OTl + DW OP3 + dw otpr 


A(8,8) = 1 + A(8, 10) (B106) 


A (8, 9) = 


C P ODr P OD 2 5[ 2 - B ^ 8 > 7 )^C 


A (8, 10) = A(8,21) = A(8,7) 


B(9,7) = 


, /^^0P2^0P2) 


C(9,7) = 


DW M0V + DW 0T1 + ° W OP3 + dw otpr 


A(9,7) = + B(9,7) [C(9,7)l (B42) 


B(9,9) = 






A (9, 9) = S - (T 0T2 ) C(9,9)- t 0P2 jVB(9,7)J-T op3 [ 2 -B(9,9j| 
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TABLE 3. (Continued) 


A (9 ,10) - 

A ( 9 , 1 8 ) = 

A(9, 19) = 
A(9, 21) = 
A(10,8) = 

B ( 1 0 

A(10,9) = 

A(10, 10) = 

A(10, 12) = 
A (11, 11) - 

B C 11 

A (11 , 16) = 

A (11, 17) ; 
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_ B(ll,16) 
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OPO 
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TABLE 3. (Continued) 


B C 1 1 


_ ar pR /5 f(P FI /P 0 p) l/2 1 ApA l/ 2 

2r D1J |c p FI / p 0P ) l/2 J 


DW, 


A(ll,18) = 


0T2 


OP 


PR r FI OP 
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OT2 
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A(ll,40) = 


FI 

B113 (DW QT2 ) 




A(12, 10) = -B49 


A(12,12) = S 


A(12,14) = B49 


A(12,17) = B49 


(B50) (BSl)DWppp' 
B(13« 13) = m 

A(13,13) = S + B(13,13) / /dW fpf 

A(13, 15) = B50 

A(13, 37) = -B50 

A(13,41) = -B(13 f 13y/p(9) 

A(14, 12) = -B52 
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B (14 , 14) = 2 (B53) 


DW 


TABU: 3 . (Continued) 

,2 


FPO 


A (14 , 14) = S + B5; 
A (14, 15) = B52 


~B ( 1 4 , 1* 
. DW FPO 


(A/A) ppY 
14) 


+ 2 (B54) (DW 


w] 


B(15, 13) = 


A(15 ,13) = -B56 


DW FT2 Or T /3F Fp )[F Fp (l-F Fp )] 


2Cl rp ) 

f (Bill) B(15, 13)~ 1 
L ' DW FPF j 


A(15 , 14) = -B56 1 + 


[■ 


(Bill) B ( 1 5 


DW, 


FPO 


,13)j 


B(15, 15) 


_ PW FT2 [ 3r PR /5( ^ P FI 


2F PR [ ( ' P FI /P 


(P F i/P FP ) 1 / 2 ]/P F i \ 1/2 

FP ) 1/2 ] \W 


A(15, 15) = S + [DWp -B(15,15)] 

FP 


A (15, 19) = ( B S 6 ) ( B 1 1 1 ) B ( 1 5_,_15)_ 


FI 


A(15,40) = - (B56) (Bill) (B112) 


f PW FT2l 

L 2 T fpJ 


B(16, 16) = 


(B57) (B58) (DW opF ) 

— 


A(16, 16) = S + (2) B(16, 16) 
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A(16, 18) = B57 


TABLE 


3. (Continued) 


A(16,37) = -B57 

A(16,41) = -B(16,16) (DW opF )^/pC9) 
A(17, 12) = -B59 


6(17,17) = 2 (B61) 


DW, 


OPO 


(A/Appy) 



A(17,17) = S + (B59) 


41 


2 (B60) (DW opo ) 


B(17,17)~ 

DW OPO 


A(17, 18) = B59 
A(18, 11) = (B63) (B107) 
A(18, 16) = -B63 
A(18, 17) - -B63 
A(18, 18) = S 
A(19, 11) = -B64 


A(19,13) = - 


(B64) B (15, 13) 


DW, 


FPF 


A(19,14) = (B64) 



A(19,15) = - [DW FT2 - B (15, 15) ] 


RSS-8549-2 

59 


TABLE 3. (Continued) 


l)W, 


B(19,19) - 2 (P(5)_p fi ) 


A(19,19) = S + B64 


|b( 19, 19) - B - ( - p 5 - , - 1 - 5 - J - j 


A(19,20) = (B64) (B108) 


A(19, 24) = - (B64) B(19,19) 


A(19, 26) 


(B64)(DW ) 

(2)p (5) 


A (19, 40) = 


(B64) (B112) (DW pT2 ) 


(2)T 


FP 


B(20 - l3) ■ [5r] 


Or T /3F Fp )(F Fp )(l-F Fp ) 


A(20, 1 3) = -< B6 ^C20 ? U)- 

U FPF 


a( 20 , i4) = 

FPO 


6(20,16) - 


Or T /3F op )(F op )(l-F op ) 


A(20, 16) = - 


(B67) B(20, 16) 


DW, 


OPF 


A (20, 17) = C^7jB(20,16); 

UW OPO 


B (20,19) = 


d *fi Car pR / & (P c /p pi )lP c 

r PR^c^ P FI^ 
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TABLE 3. (Continued) 


DW - B(20, 19) 
A(20, 19) 


FI 


A(20, 20) = 1 


A(20, 22) = 


A(20, 27) = 


B(20,19) 

P. 


(B68) (DWp j) 


2T, 


FI 


A(20,40) = DW pi [B66 (B112) + B67 (B113)]/2 T pi 
A(21,8) = -B69 


B(21 ,21) = 2(B70) 


DW, 


MOV 


(A/A) 


MOV 


A(21, 21) = S + B69 
A(21 , 22) = B69 


[t ^ 11 +2 < B71 > t DK MOV>_ 


A(22, 20) = -B72 (B109) 


A(22, 21) = -B72 


m 


A(22, 22) * S + B72 

210500-347000 (F Tr ) 
B(22,23) = 


A (22, 23) = -B72 (DW CN ) B(22, 23) 


B(23,10) = D - w - ■ 1 , pw 
DW MOV +DW FI 
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TABLE 3 , (Continued) 


A(23, 10) = -B(23,10) 

A (23, 20) = B(23 , 10) 

A(23, 21) =-B(23, 10) (1 - F TC ) 


A(23, 23) = 1 


A(24,3) = - 


B74 (DW mc ) H(3) [B(4,3)] 


DW 


FD2 


A(24,4) = - 


874 C dw mc 5 hC3;) [3 - b < 4 * 3 ^ 

S F2 


A(24, 19) = - (B74) H(5) [B(19,19)j 
A (24 , 24) » S - A(24, 19) 

B(24,25) = ["£] [DQwi(5) * DQ “ C5)1 
A(24, 25) = -B74 [H(3) + B(24,25)] 


A(24, 26) = (B74) H(5) 


r dw fh ] 

L (DpTsTJ 


771 - 0.002 

Bc24,27) " 1.0 + (0.002) T(5) 


Ct24>27:) “ T m (5)-T(5) 


D(24,27) - B (80) [1 + 0.002T(5)1 [DW^] 0 ' 8 


RSS-8549-2 

62 


TABLE 3, (Continued) 


A(24, 27) = -B74{ DQ W1 (5)[B (24,27)-C(24,27)]+DQ W2 (5) [B(24,27)-B101DWp T1 -D(24, 
A(24, 28) = -B74 [DQ WJ _ (5) ] [C (24,27) ] 

A(24, 29) = -B74 [0(24,27) ] 

A(25, 24) = B75 [D(24,27)] 


B(25,25) = B75(B76) 



A (25, 25) = S + [B(25,25)l 2 


( DW \ 

ptIt) 

A(25,38) = -B75 

B(26,19) = B77 [B(19,19)] 

A(26, 19) = -B(26,19) 

A(26, 24) = B(26, 19) 

A(26,25) = -B77 

B77 (DW ft .) 

A(26,26) = S - T 5 T ^- 

A(27 , 24) = [T(5)]/P(5) 

A(27,26) = [T(5)]/p(5) 
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TABLE 3. (Continued) 


A(27 , 27) = 1 

B (28, 22) = B82 [DQ tc (5)] 

A (28 , 22) = -0.8 


B(28, 23) 


V T W1^ 


A (28, 23) = B82 [DQ tc ( 5) ][ (0. 8) B(22, 23)-3r T /3F TC (B28, 23) ] 


B(28, 25) = (B82) DQ W1 (5) 


woo _ (0.8) B(28, 25) 
A (28, 25) '“W” 

MC 


A(28, 27) = B(28, 25) [B(24, 27) -C (24, 27) ] 


A (28, 28) = S + B(28, 22) B(28,23) + B(28,25) C(24,27) 


A(29,27) = - (B83) (D(24,27)) 


A(29, 29) = S + B83 [0(24,27)3 


B(30, 3) = B84 [H(3) ] 


C (30,3) = B(30,3)(DW fn ) 
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TABLE 3. (Continued) 


A(30, 3) = -C(30,3)B(4,3)/DW Fp2 

A(30,4) = [3 -B(4,3)] 

S F2 

A(30, 30) = S 

B(30, 31) = B84 [DQ W 1 (4)] 

C(30,31) = B84 [DQ W 2 (4)] 

A(30,31) = -B(30, 3) - [B(-30,31) + C(30,31)] 

FN 

0.002 

B(30,33) - i.o + (0.002) "W 
€(30,33) = t wi (4)-T(4) 

D(30,33) = B90(l + 0.002 T(4)) Dl ^ 0,8 

A(30,33) = -B(30, 31) [B(30, 33) -C (30,33) ] -C(30,31) [B(30, 33)] -B84(D(30, 33)+B102 *DW (4) ) 
A(30,34) = -B(30, 31) [C (30,33) ] 

A(30,35) = -B84 (D (30 , 33) ] 

A(30, 36) = B84 (B102) [T(4)] 

A(31,30) = B 8 S 

A(31, 31) = S + 2(B85)(B86)(DW pN ) 
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TABLE 3. (Continued) 


A(31, 38) = -B85 


A (32 , 31) = -B87 


A(32,32) = S 


A(32, 36) = B87 


A(33, 30) = - 


A(33,32) = 


A (33 , 33) = S 


B(34,22) * B92 [DQ tc (4)] 


A (34 ,22) = - 

c 


B(34, 23) = 




A (34, 25) = -B(34,22) {B(34,23) (SiyaF^ - (0.8) B(22,23)] 


B(34, 31) = B92 [DQ W1 (4) ) 


A (34, 31) = t°.8) 8(34,31) 

FN 

A(34, 33) = B(34, 31) [B(30,33)-C(30,33)j 


A(34, 34) = S + B(34, 22) B(34,23) + B(34,31) C(30,33) 
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TABLE 3. (Continued) 


A (35, 33) = -B93 [0(30,33)] 


A (35,35) = S + D(30,33) B93 


A(36,30) = -B94 


B(36,32) = 


_ (B95) [DW(4) ] 


A(36,32) = - CB94) 


- q * (2HB94) B(36,32) 
A(36,36) - S + DW(4) 


A (36, 37) = B94 


A (37, 13) = A(37,16) = B96 


A(37,36) = -B96 


A(37, 37) = S 


A(37, 39) = -B96 


A(38, 3) = -B97 (B110) 


A (38, 25) = A (38, 31) = A (38, 39) = B97 


A(38, 38) = S 


A(39,37) = B98 


A (39, 38) - -B98 


B(39,39) = 2 (B98) (B99) 


DW CX , 

(A/A c 
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TABLE 3. (Continued) 


A(39,39) = 

A(40,41) : 

A(40 , 37)= 

A(40,40) . 

B(41 
A(41,32) = 

B(41 
A(41 ,36) : 
A (4 1,39) . 
A(41 ,41) < 
A(42, 42) 
A(42,5) = 
A(42 ,45) 
A(43,43) 

A (43,42) 
A(43,7) = 


S + B(39,39)/DW FNBp 


T(9) 

P(9) 

T (9) 
P (9) 


1 


TT'l _ P (9) 

J ■ DW (4) 7 (B105)lp(4)J(DW FNBp ) 

B(41,32) [DW(4)1 
P(4) 



P (9) 

M— TdTO 


-B (41 , 36) + B(41,32) 


-B(41 ,36) + (B105) B(41 ,32) p(4) 

1 

S 

-B(115) 

B ( 1 1 5) 

S 

-B116 

B116 
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TABLE 3. (Concluded) 


A(43, 10) 
A(43,21) 
A(43, 8) 
R(1 » 1) = 
R(5,2) = 
R(3,3) = 

R(14»5) 

R(17»6) 

R(21,4) 

R(39,7) 


= B116 
= B116 
(B106) (B116) 

1 

1 

(2) (B21) (B22)DW FD2 2 [9r MFV /3(X/X MFV )] 
(a/a)mpv 

B52 [B(14,14) ] [9r Fpv /3(X/X) Fpv ]/| 

2(B59) B(17,17) [9^/9 (X/X 0pv ) ] 
CA/Aqpv) 

(E69) Bf2i,2i) tar^/atx/^oy)] 
^ A/,A MOV^ 

B(39,39) [3r ccv /9(X/X ccv )] 

(A/Accy) 
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cl l< 



ENGINE CONTROLLER MODEL 


The engine is controlled and throttled in response to vehicle commands by a con- 
troller which includes a digital computer. Three valves are directly driven 
(open loop) in response to the vehicle input. Two additional valves contain feed- 
back signals from the engine flowrates and thrust chamber pressure and provide a 
vernier adjustment on thrust level as well as control of engine mixture ratio. 

A schematic of the engine closed loop control logic (from Ref. 3) is shown in 
Fig. 24 along with linear block diagram. Table 4 lists the coefficients required 
in the linear block diagram as a function of thrust level. 

Nominal resistance for the scheduled valves as well as the closed loop control 
valves is contained in the tables of engine balance information. The resistance 
(R) is defined in the following equation: 



2 -2 -3 

In the engine balance information the units of R are sec -in. -ft . In the 

2 -5 

dynamic model the units of R are sec -in. . The valve resistances as obtained 
from the engine balances are listed in Table 5 . 
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TABLE 4, LINEAR CONTROL SYSTEM COEFFICIENTS 


Power 
Level , 
A 

Id 

A 

B 

C 

l) 

>1.0 

28. 15 

35.55 

0.07938 

4.819 

0.07152 

0.9 

27.92 

32.98 

0.07765 

4.164 

0.06865 

0.8 

27.69 

30.61 

0.07579 

3.547 

0.06579 

0.7 

27.45 

28.22 

0.07382 

2.968 

0.06293 

0.6 

27.15 

25.83 

0.07173 

2.429 

0.06007 

0.5 

26.79 

25.43 

0.06951 

1.928 

0.05721 


TABLE 5 . CONTROL VALVE RESISTANCES ^ AS 
A FUNCTION OF THRUST LEVEL 


Thrust Level, 
percent 

r fpov 

R OPOV 

^OV 

^IFV 

D 

ccv 

109 (EPL) 

14.26 

171.97 

0.00471 

0.00469 

0.03570 

100 (EPL) 

26.82 

258.59 

0.00472 

0.00469 

0.03570 

75 

87.99 

652.00 

0.06117 

0.06950 

0.55000 

60 

164.46 

1126.30 

0.20000 

0.24600 

2.23000 

50 

266.90 

1621.50 

0.40006 

0.50000 

5.00000 


Cl) 2-2 

Units of resistance valves are sec in. ft 
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FREQUENCY DOMAIN SOLUTIONS OF LINEAR MODEL 


Initial results from the frequency response routine are contained in this section 
(Table 6 ). The first sheet of output contains operating point and function slope 
information which has been read into the program. On the second sheet the BXX 
values (as described in the nonlinear model section of this report) are shown. 
Input number 2 denotes that Pgg (low pressure oxidizer pump inlet pressure) was 
chosen as an input for this case. 

The column identification vector coding is as follows: the numeral one indicates 

a zero derivative column for the first variable ( p FD1 ) while the (+) indicates 
that a complete response for that variable will be computed. The zero in the sec- 
ond column indicates that column represents the first derivative (d/dt Sp 1 ) of 
the third column. Column three represents Sp^, but its frequency response will 
not be computed due to use of (-). The identification vector continues with a 
±1 representing each variable indicated in the matrix of linear equations and 
zeros used where derivatives are required. The last entry in the vector is the 
input column and is always -1. 

Following the identification vector is the complete matrix of coefficients for 
the system of linear differential equations. 


After solution of the system at the lowest frequency specified by input data 
(0.1 Hz for this case) the value of all dependent variables is listed. Variables 
are numbered as listed in Fig. 23. Magnitudes are normalized to a unit value of 
the input variable. For the representative case, variable 42 (DW Qs p indicates 
that at 0.1 Hz a 1-psi oscillation in PQg results in 0.0844-lb/sec oscillation in 
flowrate with a phase of 359.74 degrees (-0.26 degree) with respect to the input. 


Following the lowest-frequency solution is tabulated response information for all 
required parameters expressed as decibels and degrees-of-phase shift. 

A plotting routine is included with the frequency-response program and samples of 
this output will be included when the system solution is completely checked out. 
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TABLE 6. INITIAL SOLUTION FOR 109-PERCENT POWER LEVEL 


THE NUMRFR OF THE INPUT VARIABLE IS: 2 

STEADY-STATE VALUES FOR ENGINE PARAMETERS 


A/ A I CCV ) = 

l .C-COE+OC 

A/AI FPV)= 

3. J07F-CI 

A/A( MFV)= 

I.C07E+00 

A/A ( MOV ) = 

i.O'OE + O r ' 

A / A ( 0 P V ) = 

3.68OE-01 

C* - 

8.8 16E+P4 

DO < TC 4 ) - 

7. 223F+C4 

DQ( TC5 ) = 

4.935E+.74 

DQIW14) = 

7.2?3E+?4 

DOCK 15 ) = 

A.935F. + 04 

001*241 = 

0 .C 

D0(W25) = 


D W ( 4 ) 

4. IROE + OL 

DW(5> 

3 . 5 2 4 P + C 1 

CW (CM) = 

1. 120F+C3 

DW(FI) = 

2.&27F+02 

Dl‘i(F\'» = 

4. 189F+C I 

DVJ(MC) = 

3.S24E+31 

ON ( C I ) = 

R.543E+.'2 

DU (OS) = 

9.615P+02 

DWI.CCV) = 

8.0196+01 

Du(fi> 2 ) = 

1.6C2E+1 2 

D * ( F PF / = 

3. 31 5F+01 

DW(FPO) = 

7.93CE+GI 

DU ( FT 1 ) = 

3. 524P + <“ l 

0WIFT2) = 

1.624C+C2 

DU (MOV) - 

R.543E+P2 

OW(OPF) = 

3.M93E+01 

dw(Cpo) = 

2.6 1 3C+C 1 

D/i ( up 3 ) = 

1.0560+02 

ow(nri) = 

1.74CE+02 

nvi(0T2) = 

6 . 339E«-'U 

0VMFM1P) = 

a.oioe+o 1 

DW( PPO ! ) = 

7.7 JCF+71 

DU(C1PI! I ) = 

2.613F+0 1 

DUlOTPR ) = 

1.3P9E+7C 

E(FPO) = 

1 . VjCE + rf 

F(OPC) = 

I.^CDE+Ou 

E ( 0T2 S ) = 

9.4580-01 

F (TO 

ri . 552F-C l 

FT I S 

5.698E-:T 

FT2S 

9. 559E-C I 

GIFU 

l.I62En % 0 

GF 2 

3. 1 7 6 5; + 0 C 

G < G 1 ) 

2. 6 62 L +00 

G I 02 ) = 

1.092E+C< 

H ( 3 ) 

4.4230+02 

H ( 4 ) 

2. 16 7 E +0 3 

H( 4 > 

l. R4 3P + " 3 

P( 4) 

6. 794E+03 

P ( 5 ) 

5.143E+U3 

P(9) 

6.65CE+03 

PIC) 

3.33OE+03 

P(CIES) = 

3 . 2 3 3 E: + 33 

P ( F I ) 

3. 6 62 V. +0 3 

P(FP) 

5.94CF+03 

p ( F S ) 

3.0CCE+C l 

P(OI) 

4.293E+03 

PICP) 

5. 929E + , '3 

P ( C s 1 

1. ■''000 + 02 

P ( OT > 

1 . LR°E4-?2 

P(Fl)U = 

2.52CE+C2 

P ( F D 2 ) = 

7.D6RE+03 

P(CCL) = 

4.46 IE+02 

p(nn 2 ) = 

5. 17CC+P3 

P ( 0 0 3 > = 

8.484F+03 

P(PHS) = 

R. 457E+C 3 

P(FPCI) = 

7.210E+-7 3 

P(RFVO) = 

6.939E+' 3 

P(OPfJl) = 

b. 476f + r 3 

MFP) 

4. 6. 33 E +03 

R (OP ) = 

5.084E+C3 

S( F I ) > . 

l.63aE+"3 

s ( r 2 ) 

3 . 9 2 2 P + C 3 

S(CI) 

5.7C9E+02 

S(02) 

3.262E+03 

T<4) 

6.793E+C2 

T( 5 ) 

5.445E+D2 

T(9 ) 

3.03HE+02 

T ( C ) 

6.221E+D3 

TIFl > 

1.535F+93 

T(FP) 

1. 1 5 1F+03 

T ( OP ) 

1.544E+03 

T w L ( 4 ) = 

1 . 2 f .• 0 E + H 3 

TUI (5) = 

1.3J0P-+C3 

T W 2 I 4 ) . = 

6.7S3E+02 

TU2I5) = 

5.445E+02 

W(OI) 

4.4CPE+01 

W(FPOI) = 

2.44RF + ''C 

W(OPnT) = 

1 . 5G-7E+00 

E T A ( F T 1 ) = 

1.64 'F+02 

E TA(FT2 ) = 

4. 1 5 OF +0 2 

E TA ( CT2 ) = 

3.775E+02 

RHO (4) = 

1.4 7 5P — r 3 

RH(’( 5 ) = 

1 . 402E-C3 

RHO ( 9 } - 

1.715E-33 

‘ UP ( F 3 L ) = 

1. 153C+04 

UP ( F P2 ) = 

1.29 6 F+C 5 

UP ( FT l ) = 

1 . 153P+''4 

UIMFT2) = 

1.256P+G5 

UPlflPl) - 

2.C15F+74 

UP(0P2) = 

5.23fiF+C4 

UP( CP3 ) = 

4.044F+03 

IJP(CTI) = 

2.7 15P+74 

UP (UT2) = 

5.64JE+D4 

PMIIFP1J* 

1 ,OO n E+ 30 

PH I ( F P'2 I - 

l. ; C C E +0 0 

PHI ( CP L ) = 

i.oc:e+7--. 

PHI (0P2) = 

1. 3CCF + CC 

PH 1 ( 1)1* 3 I = 

1.0 f '7Ef('‘'. 

PH I ( QT I ) = 

4 . 4 0 0 E- 3 1 

GM( EG I ) = 

I. )COE+OC 

GH( PFP1 )= 

i.'ooe+c r. 

GMITFPL )= 

1 . r 7 7 F+ 9 G 

GM ( T FT 1 ) = 

1.533E-C2 

GM(PFP2)= 

l.oroe+CG 

( TF P2 ) = 

I. JO CE+OO 

GM( TFT2 ) = 

1.936F-72 

GHl POP l )= 

i.o^:e+oo 

G M ( TOP 1 )- 

l.O-OOE + CO 

GMIT0T1)= 

7.C S^E-C I 

G*MPOTl) = 

1 . 625F-0 l 

GV( PCP2 )= 

l.oncE+r.r 

GM ( T0P2 )= 

1.0 3CE+00 

GM(T0P3)= 

1.7000+0 7 

G R l P U P 3 1 = 


0M( T0T2 ) = 

2. 5.3 2 E-C 2 

GM(FPV) 

1.534E-0L 

GM(CPV) » 

6.3400-21 

GM (MOV ) = 

1.70CF+C0 

GM(MFV) 

l.'^OE + 'K'- 

GM(CCV) = 

l. 300E+CO 







PARTIAL DERIVATIVES 









GM(PFP1 )/PHI(FPI ) 

= -1.90CE+CC 

GFITFPL J/PHUFPl ) 

= i.er-uE* 

-01 GM ( TFT 1 ) / ET A ( PT 1 ) 

= -6.70^0-05 

GM(TFTl)/P(FI)/P(5) 

= - 1 . SiT E- C I 

GH( PPP2I/PHI (FP2) 

= -5 r- 

-01 G M ( T FP2 ) /PH I ( FP 2 ) 

= A.'-'C^F-ni 

GM(TFT2)/ETA( FT2) 

= -3. 1CCE-CI 

GM(TFT2)/P(FI)/P(FP) 

= -5.C0CE- 

-05 G M (P0 p l)/PHI (DPI) 

= - 1 .DC-: 

E +00 

GM(TOTl)/PI 

‘HUT l ) 

= -1.23CG+CO 

GV( TCP! ) /PHI ( CPU 

= 0.0 

G'-Mccr 1 )/ph i ( n t 1 ) 

- l. r r' 

0 *-oc 

GM( POP2 )/PHI (0P2) 

= -l.HCF + P''' 

G M ( TOP? ) /PHI ( C D 2 ) 

= 3. 00 OF- 

-<71 G M ( T OP 3 ) / P ,J I (^P'H 

= 3 C r F-C 1 

G M (TCT2I/r TA ( OT2 ) 

= -1.THE-*5 

:;m t TCT2)/P(FI )/P(CP) 

= -l.OPDH 

-J 1 GM(PC:> 

3 ) / P h 1 ( U P 3 ) 

= -5 .! CC 

r- :i 

GHIT )/F(0Pl 


= 4. o DC E+ "13 

GM( PR ) /P ( F I ) / P ( OP ) 

= C.C- 

G M ( T ) / E ( OP > 

= 4.20-' 

t+03 

G M I P 1 / P ( F I) /p ( FP I 

= 0.7 

G M ( P P ) / P ( C ) /PI FI ) 

= . L 

G’-MTR) /F (TO 

= 7.70 C 

E +03 

G M < PF V I / X / X ( 11 F V ) 

- 2. ).'OF+Ci 

GM(FPV)/X/X(FPV) 

= 2 . r '*-UE+'U G -M ( < ) f> V 1 / X / X ( r r» V ) 

= 2.7 CC 

P+OO 

G M ( DU V ) / X / X < M ( 1 V ) 

= 2. n ':CE+0I 

c.m(ccv) /x/xtccv) 

= ^ .7 f ’CE+DC 




owi^sn = 

l . 135F + 33 

P(OSl) = 

4 . '♦ 4 l F +0 ? 








TABLE 6 . (Continued) 




00 

''J C/1 

in -P* 
to 



VECTOR OF COEFFICIENTS CORRESPONDING TO THE ABOVE STEADY-STATE VALUES, BI1 THROUGH B116. 


1.0225F+G1 1. 3553E— Cl 

4.2974E-03 3.6C59E-01 

2.3A48E+C0 

1.4653E+02 

5.9809E+02 

2.4482E+C1 

4.431 IE— 04 

8.4254E-03 

2.50C0E+Q3 5.C265E-03 

3.146AE-01 5 .6 132E+00 

1.0581E— 01 

3.Q764F+I0 

5 .9485E-0 1 

1.G558E— 03 

1.3 37 IE+10 

4.3COOE+OI 

1 .OO r CE+Od 1.8721E-C2 

1.57C0F+02 6 .182 AE -02 

3. 75AAE-01 

2. 1455F+00- 

-6 • 4062E-0 3 

1.34 17E-C l 

2.8772E+C0 

4.4414E-C4 

4.Q226E-03 9.1575E-01 

3.0940E+01 3.8C15E-04 

3.1145E-04 

1 .OuODE+02 

1..1573E-01 

9.1222E-C2 

3. 8 12QE+Q4 

6.6675E+01 

1.7612E-04 5.Q000E+01 

2.1666E-02 2 .0 196E-01 

3.7879E-01 

1 .3780 E*03 

1.0Q07F+G2 

8.1589E-C4 

l.OOOCE+OL 

1.5334E+00 

2.9375E-oY A.6AA7E-6l 

3. 5 .} C 7 E ♦ 0 4 ' 3 . 9 4 90 E *0 3 ' 

6.569BE-02 

5.055CE-01 

2. SA30E-C l 

2.40C0E-C l 

5.00CCE+GI 

1.2C17E-03 

1.3192E-Q3 A, 838CE+C3 

2.«642Ff04 3.B12CE+00 

4.8375E+02 

2.027AE-03 

1.0000E-03 

1.4843E-C4 

1.74G1E+-0O 

3.4802E+00 

3.6A94E-02 3.1000E-01 

8 .2 5C0F- 0 2 2.5440F+00 

2.18CCE+02 

8.263 2 E-C 2 

5 .‘COO 7 E-C 4 

1 . 4748E-04 

2.A572F+C0 

5.2800E+00 

5.2949E-02 ~l.6A80E-Cl 

8 .3 4CQE-02 2*1190F«-01 

1.21C4E-04 

8. 160GE+04 

'3.230GE+G4 

2.00CQE+C l 

4.4942E-0 2 

7.8348E— 05 

3.3848E+C'' 3. 19C r E*QC 

8.7017E-C7 2.429C-E-C3 

5 .3353E+C2 

2.5145E-04 

1.02A3E+77 

9.9383E— 01 

l .0 lC4Ef OC 

9. 82C2E-01 

l.OOCOE+OC 9.9991E— Cl 

9.9846E-01 9.7 C83F-0 1 

7 • 6923E+0 1 

1.000JE+03 





INPUT COlljMN VECTOR FOR INPIT NUMBER 2 





* 

. - - • — . ** 

O.C 0.0 

0*3 0.0 

i.GCCE+OG 

0.0 

0.0 

0.7 

C.O 

0.0 

0.0 O.C 

0.0 0.0 

0.0 

C.O 

0.0 

0.0 

c.c 

0.0 

O.C c.c 

0.0 0.0 

O.C 

O.C 

0.0 

0.0 

0.0 

O.C 

0.0 C.C • 

0.0 O.C 

O.C 

c.o 

O.C 

O.c 

o.r 

O.C 

O.C c.c 

c.o 



- 



... 

COLUMN IDENTIFICATION VECTOR 







_ l C-l C-l .0-1 1 c l l 

l 0 1 0 l-l 0-1 C-l 0- 

-l 0 1 0-1 r 

>-l 0 1 0-1- 

-1 0 l 0 1-1 

. 0 



-1 0-1 0-1-1 0-1 0-1 0- 

•i 0-1 O-L-l 0— I C-l G- 

-l C-l C 1 G-I-l-1 0 1 

0 l-l 




MATR IX -OF COEFFICIENTS 








EQUATION 1 








i.cccE+cn o.o 

-4.366E-C1 C.C 

1.38AE+C0 

c.o 

0.0 

0.0 

0 .0 

c.c 

0.0 0.3 

0.0 0.0 

0.0 

c.o 

C.O 

c.o 

0.0 

C.O 

0.0 °.C 

0.0 O.C 

c.c 

C.o 

C.O 

r r, 

V • V 

c.o 

O.C 

O.C C.C 

A.Q O.C' 

c.o 

O.C 

0.0 

c.o 

C.c 

0.0 

O.C O.C 

0.7 O.C 

c.o 

C.c . 

O.C 

c.o 

c.o 

0.0 

o.c c.c 

*7 0 O'* 

4 .i • W 

O.C 

C .0 

C. . 

c.o 

. o 

O.C 


RSS-8549-2 


TABLE 6 . (Continued) 


o.o 


C.C 

•3,0 

o.c 

0.0 

0.0 

o.c 

0.0 

o 

« 

o 

0.0 

0.0 


o.n 

o.o 

o.c 

C.C 

* 





EQUATION 

2 










0.0 


1 . CCCE+CC 

I.545E+CL 

O.r 

6.194E-t-G0 

c.n 

0.0 

c.o 

o.n 

0.0 

0.0 


o.n 

C.O 

0.0 

o.c 

c.c 

o.n 

0*0 

n.o 

0.0 

0.0 


r' fy 

A • V 

n 

• *. • »• 

c.c 

o.c 

c.o 

0.0 

0.0 

0.0 

0.0 

0.0 


0.0 

1.2A7E+C1 

o.c 

o.c 

0.0 

o.n 

0.0 • 

c.o 

c.c 

-I.OfllE+CI 


o.O 

0.0 

o.o 

. 0.0 

-5.931F+00 

0.0 

0.0 

r-.n 

O.C 

0.0 


C.O 

c.o 

0.0 

0.0 

0.0 

O.n 

r.o 

O.C 

0.0 

0.0 


0.0 

c.o 

o.c 

c.c 

c.c 

O.n 

0.0 

c.o 

O.C 

0.0 


C.O ■ 

0.0 

o.n 

o.c 






EQUATION 

3 






. 




-2.5QCE+-03 


0.0 

0.0 

l.CCGE+OO 

5.721E+04 

0.0 

-I.CBISE404 

C .3 

0.0 

O.C 

0.0 

- 

0.0 

c.n 

o.c 

c.o 

c.o 

0.0 

0.0 

C.O 

c.c 

C.r. 


c.o 

r .0 

o.r 

C.0 

0.0 

0.0 

C.O 

0.0 

o.n 

0.0 


c.o 

0.0 

o.c 

c.c 

o.c 

0.0 

n r> 

w • , 

r.O 

n.o 

0.0 


{'.0 

c.o 

O.Q 

c • ^ * 

O.Q 

0.0 

0.0 

0.3 

O.C 

O.n .. .. 


o.r 

o.n 

c.o 

C.C ... 

0.3 

".0 

0.0 

0.3 

C.O 

c.o 


c-.o 

0.0 

o.c 

0.0 

c.o • 

2 . 5C0E + C3 

C.O 

C.C 

c.o 

0.0 


c.c 

o.o 

o.c 

o.c 






EQUATION 

4 










0.0 


o.o 

o.o 

c.c 

l.Cl«E«-C2 

l.COOE+OO 

6.693E404 

n.o 

r .o 

o.c 

0.0 


0.0 

0.0 

■ 0.0 

o.c 

0.0 

0.0 

c.c 

n.O 

0.0 

c.o 


0 . c . . ... . 

c-.o 

O.c- 

— 6. 88CE+C0 

o.n 

C.O 

Q .0 

•3.0 . .. 

. o.o .. .. 

0.0 


0.0 

1.733E-C2 

0.0 

o.r 

0.0 

0 .0 

0.0 

0.0 

c.o 

0.0 


c.c 

C.O 

o.c- 

c.c 

0.3 

0.0 

o.c 

0 .0 

o.c 

c.o 


c.o ... 

C • 3 

n.C 

o.c 

c.o 

0.0 

3.3 

c.o 

O.C 

c.o 


0.0 

O.o 

0.0 

o.c 

C .0 

0.0 

C.C 

O.C 

o.c 

Q.O 


0.0 

O 

• 

o 

U.C 

O.r 






EQUATION . . 

«; 





.. 






0.0 


0.0 

c.o - 

0.0 

c.c 

o.c 

c.r 

l.OOCE+OC 

0.0 

— 1 . 8C8E*00 

~2.<S29E-0L 


0.0 

0.0 

o.c 

c.c 

0 • vj 

o.c 

0.0 

0.0 

0.0 

0.0 


c.c 

c.o 

o.c 

c.c 

o.o 

o.o 

C.C 

0.0 

C.O 

0.0 


0.0 

c.-a 

o.c 

0.0, 

O.n 

o.c 

0.0 

0.0 

0.0 

c.c 


c.c 

0 • C 

o.c 

o.c 

0.0 

c . 

c.c 

n.C 

c.c 

o.o 


c.o 

O.o 

c.c 

. C.c 

c.o. 

n.{ 

n.n 

0.0 

c.o ... 

0.0 


c.o 

o.o 

0.0 

c.c . 

c.o 

0.0 

C.O 

0.0 

0.0 

c.c 


c.c 

2.029E-C1 

o.c 

C.c 






EQUATION 

6 



* 







o.o 


0.0 

O.n 

0.0 

C.r: • 

o.r- 

0.3 

0.0 

l. 0006*00 

3.645E401 

-I. L96E+02 


o.c 

C .0 

o.c 

o.c 

C .0 

C.C 

c.o 

C.C 

O.C 

0.0 .. .. 


c.c 

C." 

0.0 

o.r 

c.c 

0.0 

O.n 

a r 

« • 

0.0 

O.o 


c.c 

** 

o.r 

o.n 

0.0 

/ • 1 * 

C.C 

r .3 

c.c 



-4 


PO 

cn 

cn 

i 

00 

Cn 

<D 

I 


TABLE 6 . (Continued) 


0.0 

.■ r* 

C.C 

c.o 

O.C 

0.0 

0.9 

o.c 

u.O 

c.o 


O.C 

0.0 


0.0 

0.0 

0.0 

c;o 

0.0 

0.0 

0.0 

9.9 


0.0 

0.0 


o.r 

c.o 

0.0 

C.C 

O.o 

0.0 

r.o 

o.c 


0.0 

0.0 


o.c 

c.o 

■ 0.0 

o.c 







EQUATION 

7 











.0.0 . 


0.0. 

o.c 

0.0 

0.0 

n.O 

0.0 

1.84 IE-02 

o.c 


4.296E-01 

-4.044E-O1 — l . 841F-02 

o.o 

o.c 

C.C 

C.O 

0.0 

c.o 

0.0 


0.0 

0.0 


o.c 

C.O • 

o.c 

. o.c 

0.0 

0.0 

c.o 

c.o 


C.C 

0.0 


0.0 

0.0 

o.c 

0.0 

O.o 

0.9 

0.0 

r.n 


0.0 

0.0 


0.0 

C.n 

0.0 

o.c 

0.0 

0.0 

c.o 

0.0 


0.0 

o.e 


0.0 

c.o 

o.c 

0,0 

0.0 

0.0 

c.o 

n.C 


9.0 

0.0 


0.0 

0.0 

o.c 

o.c 

0.0 

0.0 

C.n 

n.o 


O.C 

o.c 


c.o 

0.9 

0.0 

• c.o 


• 





EQUATION 

8 











0.0 


0.0 

0.0 

C.C 

0.0 

c.o 

0.9 

0.0 

0.0 


0.0 

4 • 164E+00 

1.001E+C0 

0.9 

-4.346E+C0 

0.0 

4.164E+00 

0.0 

c.o 

o.c 


0.0 

0.0 


0.0 

C.o 

O.C 

o.o 

0.0 

0.9 

-9.0 

o.c 


C.O 

0.0 


o.c 

0.0 

O.C 

0.0 

4. 164E+C0 

0.0 

G • C 

n.o 

. _ . 

C.O _ 

0.0 


0.0 

0.9 

0.0 

0.0 

0.0 • 

c.o 

0.0 

n.o 


0.0 

0.0 


0.0 

O.C 

o.c 

0.0 

0.0 

c.o 

0.0 

o.c 


C.O 

0.0 


0.0 

C.C 

C.C 

0.0 

0.0 

0.0 

0.0 

n.o 


0.0 

0.0 


o.o ■ 

0.9 

o.c 

-l.COGE+OO 







EQUATION 

9 











, 0.0 


0.0 

0.0 

o.c 

0.0 

0.0 

0.0 

c.o 

0.0 

.... 

0.0 „ 

1.268E+01 

o.o 

t.OGCE+CC 

3. BF8F + CJ1 

o.c 

2.322E+01 

n.o 

O.n 

0.0 

• 

O.n 

0.0 


0.0 

0.9 

0.0 

0.0 

0.0 

0.0 

'C-.O 

c.o 


0.0 

— 2 .960 E 4-0 I 

c.o 

3.382E+C1 

O.C 

o.c 

1 . 268 E -*0 1 

0.0 

C.C ' 

C.n 


C.C 

0.0 


0.9 

J • 0 

0.0 

o.c 

0.0 

0.0 

c.o 

0.9 


0.0 

0.0 


o.c 

0." 

9.0 

c.o 

0.0 

0.9 

c.o 

n.o 


0.0 

0.0 


0.0 

C.C 

0.0 

o.c 

0.0 .. 

0.0 

0.0 . .... 

c.o ' 


.0.0. 

0.0 


C.C • 

0.0 

o.c 

0.0 







EQUATION 

in 











C.n 


p.n 

c.o 

o.c 

9.0 

O.C 

0.0 

0.0 

o.n 


n.o 

0.0 

-1.00CE+02 

0.0 

-2.549E4-02 

l.OOOE+OO 

1.623E+03 

0.0 

0.0 

1.CC0E+02 

0.0 

0.0 


c.o 

0.0 

0.0 

0.0 

0.9 

0.0 

9.0 

Q.0 


o.c 

0.0 


0.0 

C.n 

o.c 

0.0 

0.0 

o.c 

0.0 

0.0 


n.o 

0.0 


o.c 

0.0 

0.0 

o.c . 

0.0 

0.0 

c.o 

0.0 


0.0 

0.0 


c.o 

o.c 

o.c 

C.C 

0*0 

0.0 

0.0 

0.0 


o.c 

0.9 


0.0 

c.o 

c.o 

o.c 

C.9 

n.o 

0.0 

0.0 


0.0 

9.0 


a 

c.n 

c.o 

o.c 







EQUATION 

11 







- 




0.0 


o.c.. . 

C.' 1 

9.0. 

0.0 

0.0 

o.c 

0.0 

n.C 


0.0. . 

n.A 


O.n 

r-.n 

n.O 

o. n 

c.o 

1. CCOE+nQ 

n.o 

C.O 


C.C 


TABLE 6. (Continued) 



n .0 


O.C 

0.0 

o.c 

o.c 

c.c 

-5.069E-01 

0.0 

7.552E-C1 

o.c 


-1.759E- 

02 

0.0 

1.1 17E-C2 

c.o 

C.r 

".0 

C.O ■ 

c.o 

O.c 

c.c 


0.0 


c.o 

0.0 

o.c 

C.o 

0.0 

3.0 

c.o 

c.Q 

c.c 


y.O 


0.0 

c.c 

3.0 

0.0 

0.3 

0.0 

o.c 

0.0 

c.c 


0.0 


o.c 

0.0 

O.C 

0.0 

C.O 

0.0 

o.o 

o.r- 

2.C50E-02 


0.0 


c.c 

c.n 

o.c . 

0.3 







EQUATION 

12 











o.n 


c.o 

c.o 

0.0 

• O.c 

C.O 

0.0 

0.0 

C.O 

0.0 


0*0 


o.c 

c.o 

C.O 

c.c 

-3.812E+04 

0.0 

l.OOOEKG 

0.0 

O.C 


0.0 


0.0 

3.H12E+C4 

0.0 

c.c 

0.0 

C.r 

0.0 

3.0 12E+G4 

o.c 


0.0 


0.0 

c.c 

0.0 

0.0 

C.O 

0.0 

0.3 

r> .n 

C.c 


. .3,0 

_ 

0.0 

_C.7 

0.0 .. 

O.C ... . 

0.3 

0.0 

o.O 

C.C 

O.C 


0.0 


0.0 

0 • 0 

o.c 

C.o 

0.0 • 

0.0 

o.c 

C.O 

O.C 


0.0 


c.c 

O.c 

0.0 

O.C 

0.0 

0 . 0 

v> • 0 

C.O 

o.c 


0.0 . 


0.0 

o.c 

0.0 

o.c 







EQUATION 

13 








• 



0.0 


o.c 

0.0 

0.0 

o.c 

0.3 

0.0 

c.o 

C.o 

0.0 

73 

cn 

0.0 . 


0." 

. 0,0 

0.0 

0.0 .. ... 

C.O 

0.0 ... 

c.o 

0.0 . 

. 1. OQCE+OO 

cn 

1 

1.139E+03 

o.c 

o.c 

o.c 

6.6A8E+01 

C.O 

o'.c 

0.3 

C .c 

O.C 

00 

o.c 


0.0 

0.0 

0.0 

O.C 

0.0 

•3.0 ’ 

C.C 

O.C 

0.0 

-p. 

0.0 


0.0 

c.c 

o.c 

C.O 

c.o 

3.0 

o.c 

0.0 

c.c 

<£> 

0.0 


0.0 

0.0 ' 

0.0 

0.0 

0.0 • 

0.3 

0.0 

C .0 

C.O 

N> 

o.c 


c.o 

c.c 

o.c 

— 6.668E+C1 

c.o 

0.0 

c.o 

0.0 

0.0 


-2.7G0E+07 

0.0 

0.0 

0.3 

.c.c 







EQUATION 

14 











O.C 


0.0 

0.0 

0.0 

0* 3 

0.0 

0.0 

O.c 

o.c 

0.0 


O.C 


o.c 

c-.o 

c.O 

.0.0 • 

0.0 

0.0 

c.o 

-5.C00E+C1 

c.o 


o.c 


l.CCOF+OO 

3.U4E + C3 

0.0 

5.000E+01 

0.0 

O.c 

0.0 

0.0 

o.c 


0.0 


o.c 

c.o 

0.0 

0.0 

•c.c 

O.o 

•: .0 

c.o 

0.0 


0.0, 


0.0. 

. 0.0. 

o.c 

..o.c 

. o.c 

C.O . 

C.C 

C.c 

c.c 


0.0 


O.c 

0.0 

0.0 

c.c 

0 . 0 

C." 

c.c 

3.C 

0.0 


0.0 


o.c 

c.c 

o.c 

0.0 

c.o 

C . 7 

C.O 

0.0 

0.0 


0.0 


e-.r 

c.o 

0.0 

0.0 







EQUATION 

15 











O.C 


0.0 

c.c 

0.0 

O.o 

0.0 

o.r 

C.O 

o.c 

0.0 


0.0 


0.0 ... 

0.0 

0.0 

.0.0 

C.r 

C.c 

C.O 

0.0 

•0.0 


'6.085F+C2 

0.0 

-2. 122E+.73 

l.CCOE+OO 

6.185E+C1 

c.o 

c.o 

c.o 

O.c 

0.0 


■ 0*0 . 


o.c 

-3. 92CE+C 1 

o.c 

O.C 

0.0 

0.0 

0.0 

O.C 

c.o 


0.0 


n.r, 

C.r: 

o.c 

o.c 

> • V 

O.r 

c.O 

0.0 

C.c 


0.0 


o.c 

c.o 

J.C 

0.0 

C.O 

0 . 0 

0.0 

7.0 

c.c 


. 0.0 


f> > 

• . 

O.c 

c.c 

0.0 

O.o 

0,0 

O.c 

C .c 

-5.621E+01 


0.0 


rt. C 

0.0 

0.0 

o.c 







EQUATION Ifc 


i *• 



TABLE 6 • (Continued) 


© Q 

"Sg 

*rj Cl 



0.0 

0.0 

0.0 

O.C 

0.0 

0.0 

o.o 

c.o 

0.0 

C.O 

©. »rj 

0.0 

0.0 

0.0 

O.C 

c.o 

0.0 

o.o 

0.0 

0.9 

0.0 

ft > 

0.0 
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o.r. 

n.- 

c.o 

r r> 

• 

p r 

• - 


o o o o u o c> c o o o c? e coco o 


TABLE 6. (Continued) 




O.C 

0.0 

n.o 

C.c 

c.o 

o.c 

0.0 

c.o 



O.n 

0*0 

0.0 

O.G 

c.o 

c.o 

n n 

•*r • ». 

0.0 

Q § 


0.0 

O.C 

O.C 

0.0 

n.G 

n.o 

0.0 

c.o 



O.C 

O.C 

c.o 

o.c 

o.o 

0.0 

0.0 

0.0 



0.0 

o.C 

n.o 

0.0 

0.0 

O.c 

-2.C61E+01 

c.o 

SI 


2.r'6lE-M)l 

c.c 

0.0 

0.0 

c.o 

o.o 

o.o 

C.c 



0.0 

O.C 

c.c 

0.0 

C.c 




^ w 4 
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O.C 

c.c 

0.0 

o.o 

C’.C 

0.0 

n.o 

o.n 

£ s 


0.0 

O.G 

c.o 

o.c 

0.0 

0.0 

0.0 

0.0 



O.C 

C.c 

C.c 

n.o 

O.C 

C.o 

G.O 

c.o 

►1 Go 


0.0 

O.c 

0.0 

c.o 

O.c 

0.0 . 

n.o 

C .0 


0.0 

O.c 

0.0 

0.0 

n.o 

0.0 

0.0 

C.c 



0.0 

-2.119E+C1 

c.o 

c.o 

0.0 

-2.069E+06 

o.c 

0.0 



0.0 

l.GOOE+OO 

1.457E+C2 

o.d 

2.119E+C1 

C.O 

0 .0 

o.o 



o.o 

O.C 

0.0 

0.0 

O.C 
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po 

CO 

0.0 

0.0 

0*0 

o.o 

0.0 

0.0 

0.0 

c.o 


Crt 

i 

O.C 

O.C 

0.0 

0.0 

0.0 

C.O 

0.0 

0.0 

00 

00 

8.160E+04 

o.c 

0.0 

0.0 

0.0 

0.0 

R.160E+0A 

n.o 

04 

tr» 

0.0 

0.0 • 

o . j 

o.o 

0.0 

0.0 

O.c 

O.c 


i 

O.C 

c.c 

i>.0 

o.c 

o.c 

0.0 

0.0 

G.O 


to 

c.o 

0.0 

0.0 

o.c 

0.0 

0.0 

0.0 

0.0 



o.o ■„ .. 

0.0 

-8. L6GE*C4 

1 .COCE+OO 

O.n 

.0.0 

O.c 

c.o 


c.o 


0.0 

n.o 

0.0 

O.C 
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0.0 


O.C 

o.n 

o.n 

-3.142E+04 

0.0 

O.n 

C.O 

0.0 


c.n 

o.n 

0.0 

0.0 

C.O 

0.0 

c.o 

c.o 


c.o 

0.0 

n.o 

0.0 

O.G 

0.0 

O.c 

0.0 


0.0 

n.o 

o.o 

o.c 

o.n 

o;c 

.o.n 

o.n 


0.0 

3. 2 OCE + CA 

n.o 

o.n 

c.o 

o.n 

O.c 

o.n 


0.0 

C.O 

3.2GOE + O<t 

0.0 

G.O 

0.0 

c.o 

0.0 


c.o 

n.n 

0.0 

0.0 

1 .OOOE+OO 

0 .0 

0.0 

0.0 


0.0 

c.n 

0.0 

O.c 
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O.C 


o.c 

O.c 

0.0 

0.0 

O.C 

0.0 

0.0 

O.c 


0.0 

0.0 

0.0 

0.0 

G.O 

0.0 

n.n 

n.r 


Cr . 0 

o.o 

li . 0 

o.n 

n.o 

o.c 

0.0 

0.0 


0.0 

o.n 

0.0 

o.o 

0.0 

o.n 

c.n 

O.l 


o.o 

- o.n 

0.0 

o.c 

o.c 

0 . 0 

■ '/ 

c.o 


0.0 

O.n 

n.o 

c.c 

O.n 

(l . c- 

0.0 

O.n 


".c 

• O.c 

u.c 

2 . r CCE*Q1 

c.o 

-2 .OdCE+Cl 

l.CCOE+CO 

c.r 


C.O 


r . 5 

O.n 





c .0 
C .P 
c .0 
0.0 
C .0 
0.0 


0.0 

0.0 

0./' 

0.0 

n.O 

0.0 

O.0 


0.0 
r .0 
O.o 
o.o 
o.o 
0.0 

—8 . 16GE+04 


0.0 

O.o 

o.O 

0.0 

O.G 

O.o. 

3.2CCE«-C4 


r.O 
O.o 
C.O 
0.0 
o .0 
C .0 

1 .44 2E+02 


0.0 

0.0 

0.0 

0. C 

1. C0CH+-0C 
G.O 


0.0 

O.C 

o.o 

O.o 

O.C 

O.G 

0.0 


0*0 

0.0 

O.C 

0.0 

O.C 

n. P 

o. C 


0.0 
0.0 
0.0 
o.C 
c . o 
O.C 
o.o 


o o o o c c> o 


TABLE 6. (Continued) 


EQUATION AC 



0.0 


0. 0 

0.0 

0.0 

o.n 

0.0 

o. r * • 

0.0 

n.O 

o.c 


0.0 


0.0 

0.0 

0.0 

c.c 

0.0 

n.O 

0 . Cl 

O.n 

0.0 


0.0 


0.0 

c.c 

O.C’ 

0.0 

c.n 

0.0 

n.o 

0.0 

o.n 


o.r 


0.0 

0 . 0 

0.0 

0.0 

0.0 

•0.3 

o.c 

n.O 

n.c 


c.c 


0.0 

c ! . >.• : 

o.n 

0.0 

c.c 

0.0 

0.0 

C.n 

o.c 


0." 


c . 0 

0.0 

0 . c 

o.c 

C .0 

n. ) 

0.0 

0.0 

n.c 

■' 

0.0 


n . 0 


C.C 

. -A.568E-02 

c .0 

0.0 

C.n 

0.0 

l.rocE+oo 

i 

1.771E*C5 

0.0 

0.0 

O.C 

0.0 






$ 

EQUATION 

<*■1 










\ 

0.0 


0.0 

C.n 

0.0 

0.0 

n.o 

3 . C> 

0.0 

C .0 

O.n 

■i 

O.C 


0.0 ... 

. . C.C’., 

0.0 

O.v 

0.0 

.3.0 

C. 3 

0.0 

0.0 . . 

i 

0.0 


0 - 0 

c .-■> 

0 . j 

n.n 

c.o 

n.O 

C.O 

0.0 

0.0 

1 

o.r 


0.0 


0.0 

O.C 

(. .0 

0.: 

n.O 

0.0 

c.o 

5 73 

in 

0.0 


0.0 

0.0 

0.0 

c.n 

c.o 

0.0 

0.0 

0.0 

c.c 

cn 

■ 

0.0 


0.0 

0.0 

0.0 

o.r 

-A.639E-0L 

('.0 

0.0 

0.0 

n.c 

00 CO 

0.0 


0.0 

2.286E-C6 

o.c 

o.c 

G.O 

o.c. 

n.n 

-1.19AE-C6 

0.0 

-&■ cn 
•t* 

.. l.crcE+oc 

c.c 

0.0 

f* r* 

• j .. 

.0.0*. .. 






to 

l 1 

ECUATICN 

A 2 


r 








ro 

0.0 


c.c 

i;.0 ■? 

o.u 

o.c 

0.0 

0.0 

-7.692E+P 1 

0.0 

0.0 

u ’ 

o.c 


0.0 

0.-3 f 

n.n 

o.r 

0.0 

c.n 

c .0 

C.O 

n.o 


0 « 0 


0.0 

0.0 

n.o 

o.c- 

0.0 

o.n 

0 . 0 

0 . 0 

O.C 


c.n 


0.0 

o.n 

0.0 

o.c 

0.0 

o.c 

C.n 

0.0 

0.0 


... 0.0 . 


0.0 

C.O: 

O.n 

0*0 

c.n 

0 . t 

7.0 

0.0 

C.O .„ 


0.0 


0.0 

O.n 

•n.O 

o.c 

c.o 

n.o 

• o.n 

0 .n 

0.0 

l 

0.0 


o.c 

0.0 

o.c 

o.c 

0.0 

o.n 

O.C 

0.0 

0.0 

% 

0.0' ■ 

EQUATION 

A3 

l .00CE+CC 

r n 

0 . c 

7 • 692E+0 I 







O.C 


0.0 

n.o 

■o.c 

0.0 

C.n 

0.0 

c.c. 

n.C 

c.c 


1.OOOE+03. 

2.51E6-CI 

0.0 

0 . 0 

0.0 

I.C-nOE+03 

O.n 

C.O 

O.C 

c.o 

I- - 

0.0 


O.C 

0.0 

O.C 

O.C 

C.o 

0.0 

O.G 

0 . 0 

0.0 

S 

0.0 


0 . 0 

o.n 

o.c 

C.C 

1.00CE+03 

0.0 

O.C 

n.O 

o.c 

i 

0.0 


0.0 

0 . 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

n.n 


0.0 


0.0 

0.0 

0.0 

o.c 

C . n 

c . : 

n.O 

C .0 

O.n 


0.0 


0.0 

n . 0 

0.0 

0.0 

C.n 

0.0 

0 . j 

c.n 

0.0 


0.0 


0.0 

-1.0C0E+C3 

I.0CCE+00 

0.0 
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variable magnitudes 

VARIABLE NUMBER 
1 
2 
3 
A 

5 

6 
7 

e’~ 

9 

10 
H ' 

12 
13 

”” la’* 

15 

16 

17 ' 

18 
19 
?.,2 


TABLE 6- (Continued) 

USING A FREQUENCY CF 
MAGNITUDE 
6.727303E-O3 
4.161231E-03 
5.71891 7E-D 3 
2. 895568E-05 
9.327574E-C1 
2.386C25E-C2 
7.273261E-03 
5.3 77 407E-C 1 
1 . CD 570 IE -02 
4.93580 l E-03 
2 .374515F— 04 
4.322969E-01 
3.41707DE-O3 
3.70 1375E-C3 
1 • 973379E-0 1 
1.47/8186-03 
1 *234404 E-03 
1 . 934 429E-01 
l .476 3746-01 


6.283 187E-01 RPS. 

PHASE 

3.4948 10E+C2 
2. 1 645 1 6E«-C 2 
1 . 7 8 37 59E + C 2 
3. 588359E ♦(“ 2 
3.599717E*02 
1.8C6697E+C2 
1 . 8 1 6573F+C2 
3 . 5575 59F* r 2 
1.6676 50 E+02 
3.596545E+C2 
1.762432E+D2 
3.593574E»D2 
1.78 163 7E* 02 
3.59616CE+02 
3.5«0364£+C'2 
1.787783E*02 
3.594397F+Q2 

3. 692329E+n2 
3.590643F+T2 


7.624395fc- n 3 


1 .779230E + r 2 
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TA3LE 6. (Continued) 


21 

8.662844E-02 

22 

l.64M62F-n 

23 

2. L1H244E-C5 

24 

1.431544E-0L 

25 

7. 1458C5E-r4 

26 

5 . 33258 IE- 08 

2 7 

3.557504E-92 

2 8 

7 *70 223 lE-^2 

29 

3 • 5 5G 9 38 F-02 

" 30 

1.5256H6E-01 

31 

2. 1 556 3 IE— 93 

32 

1 .C 1 L164E-07 

33 

6.171294 E- ' 2 

34 

9. 4 ll‘ 329E-92 

35 

6.1684298-02 

36 

2.141 57 LE-03 

37 

l.,575053r-0l 

33 

1.37647 IE— Cl 

39 

2 • 75 8 10 9 E -03 

40 

1. 516538E-02 

4 1 

4.522501 F-QH 

42 

8.442771E-02 


9.32755 1 F- r 1 


3 . 59 5225E*C 2 
3.599C62E+02 
3 . 59 LC< 72E+C 2 
3. 596162E+0 2 
1 . 637396E *C2 
1.645468E+02 
3.5G9197E+52 
3. 555178E+C2 
3.47451 2E *02 
3 . 5 8 5 3 0 5 E + 0 2 
i . 7 880 57E+C 2 
l.7C'J324E + Q2 
3. 5204 l3E*-(\2 
3. 5556CLE+C2 
3. 5G295ZF + C 2 
l • 7 544 13E>C 2 
3. 5 83^0 IE *0 2 
3. 5794 38E+C 2 
1 . 8058 1 6F «-G2 
3.540654E+C2 
1 . 7025 54E*C 2 
3.697444E+02 
3.999292E+92 
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TABLE 6 . (Continued) 



FRECUEMC V 


VAH I ABLE 

1 


VARIABLE 

5 


VARIABLE 

6 


VARIABLE 

7 


VARIABLE 

8 


RPS 

CPS 


DEC I RF.LS 

PHASE 


DECIBELS 

PHASE 


DECIBELS 

PHASE 


DECIRELS 

PHASE 


CECIBF.LS 

PHASE 


6.28E-C1 

l.OOF-Pl 

/ 

-43.44 

349.48 

/ 

-0.6C 

359.57 

/ 

-32.45 

180.67 

/ 

-42.77 

181.66 

/ 

-5.39 

359.76 


9.42F-CI 

1 . 5'">F- r 1 

/ 

. -43. 65 

344.38 

./ 

-0.6 0 

359.96 

/ 

-32.43 

1 8 n . 9 7 

/ 

-42.75 

132. *6 

/ 

-5.43 

359.66 


1.2fcE«-0" 

2.C.^E-(M 

/ 

-4 3 .79 

3 3 C . 56 

/ 

-0.61 

359.94 

/ 

-32.41 

181.25 

/ 

-42.73 

163.23 

/ 

-5.41 

359.58 


l.SBE+CG 

s.roE-ci 

/ 

-44.23 

33U.32 

/ 

-0.61 

359.92 

/ 

-32.37 

IB 1.7 3 

/ 

-42.68 

1 B 4 . 6 6 

/ 

-5.45 

359.49 


?. 51E+''' > 

4 • OOF-Oi 

/ 

-44.93 

322.58 

/ 

—0.61 

359. 9C 

/ 

-32.33 

182.04 

/ 

-4 2.62 

185.98 

/ 

-5.40 

359.50 


3 . 7 7F ♦OO 

6.CCF-GL 

/ 

—46.17 

309.48 

/ 

-0.61 

359.65 

/ 

-32.25 

182.46 

/ 

-42.53 

188.37 

/ 

-5.54 

359.71 


5 .’'3E+rC 

a.ocF-ci 

/ 

-47.48 

299.24 

/ 

-0.61 

355.61 

/ 

-32.22 

182.75 

/ 

-42.45 

195.61 

/ 

-5.58 

0.04 


6 . 2 BE +0 " 

i.o'E+'-n 

/ 

.-48.43 

291.81 

/ 

-0.61 

359.77 

/ 

-32.20 

1B.1.P1 

/ 

-42.39 

l c 2. 79 

/ 

-5.59 

0.39 


9 • 42F + r >0 

:• 

/ 

— 5'! .46 

274.67 

/ 

-0.61 

359.67 

/ 

-32.22 

183.76 

t 

-42.26 

150.26 

/ 

-5.59 

1.19 


1.26E+C1 

2.rcF+:c 

/ 

-81.35 

2 60 . 1 1 

/ 

—0 • 60 

359.57 

/ 

-32 .3C 

164.69 

/ 

-42.13 

203.71 

/ 

-5.55 

1.81 


L.eBEK-t 

3.V'>E*'H- 

f 

-82.98 

?2 q . 20 

/ 

-0.60 

359.36 

/ 

-32.51 

187. Vi 

1 

-41.81 

214.35 

/ 

-5.43 

2.59 


2.51E4CU 

4.0CF+OC 

/ 

—53.82 

193.86 

/ 

-0.55 

359.16 

/ 

-32.77 

109.73 

/ 

-41.4C 

224.32 

/ 

-5.32 

2.94 

7* 

tn 

3.77E+01 

fy* n C F + rC 

/ 

-54.94 

146.38 

/ 

-0.56 

358.78 

/ 

-33.34 

155.69 

/ 

-40.50 

241.66 

/ 

-5.14 

2.99 

C/) 

5.r3E4-ni 

R .C-i’E+C C 

/ 

-55.23 

106.58 

/ 

-0.54 

358.46 

/ 

-33.97 

201.72 

/ 

-39.66 

255.77 

/ 

-4.99 

2.63 

\ 

00 

6.28E+GI 

1 .CCF + r i 

/ 

-55.18 

78. 4 F 

/ 

-0.51 

358.20 

/ 

-34.69 

207.58 

/ 

-35.32 

267.47 

/ 

-4.04 

1.99 

U1 

9.42E*Cl 

1.5CF+C1 

/ 

-55.4 1 

31.92 

/ 

-C.45 

357.76 

/ 

-36.93 

221.71 

/ 

-33.39 

250.56 

/ 

-4.34 

355. 2e 

<D 

1.2fcF+r2 

2. OPE +0 1 

/ 

-55.31 

9.8 1 

/ 

-0.42 

357.51 

/ 

-39.90 

237.43 

/ 

-39.12 

311.22 

/ 

-3.54 

355.25 

1 

ro 

1.57E+C2 

2.5CE+01 

/ 

-54. F a 

337.94 

f 

-0.42 

357.32 

/ 

-43.72 

263.97 

/ 

-41.12 

340. 5C 

/ 

-2.35 

350.05 
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TABLE 6 . (Continued) 


FREQUENCY 


VAP.IA8LF 

q 


VARIABLE 

1C 


VARIABLE 

15 


VARIABLE 

18 


VARIABLE 

21 

RPS 

CPS 


DECIBELS 

PHASE 


DECIBELS 

PHASE 


OHCTBFLS 

PHASE 


DECIBELS 

PHAS'E 


DECIBELS 

PHASE 

6.?Rfc-Ci 

1 .r.CE-r i 

/ 

-39.95 

186.77 

/ 

-96.13 

359.65 

/ 

-19.10 

359.09 

/ 

-19.27 

350.23 

t 

-21.25 

359.52 

9.92E-C1 

1 .5CF— 01 

/ 

-39.60 

LR9. 29 

/ 

-96.16 

369.53 

/ 

-19.12 

358.60 

/ 

-19.79 

358. H9 

/ 

-21.26 

359. 3L 

l.26F«-CC 

2.TCF-C 1 

/ 

-39.21 

1 «••). 5 6. 

/ 

-96.20 

359.96 

/ 

-19.15 

358 .2 0 

/ 

-19.32 

35 c .6Q 

/ 

-21.28 

359.13 

1 • 8 8 E +G 1 

3. n Ic-Cl 

/ 

-38.3 6 

192.16 

/ 

-96.29 

359.52 

/ 

-19.22 

367.56 

/ 

-19.39 

356.15 

/ 

-21.33 

358.87 

2, 51F+CC 

A.C'IE-Cl 

/ 

- 3 7 . A 6 

19L. 5 r 

/ 

-96.37 

359.86 

/ 

-19.28 

357 . 07 

/ 

-19.96 

357.88 

/ 

-21.38 

35 7 9 

3.77E+C0 

6.CCF-C1 

/ 

- 36 .69 

137.25 

/ 

-96.53 

1.53 

/ 

-19.90 

356 .99 

/ 

-16.58 

357.72 

/ 

-21.97 

358.76 

5.--3E+C0 

O.CCF-'l 

/ 

-36. 06 

182.1 3 

/ 

-96.62 

2. 39 

/ 

-19.96 

356.1? 

/ 

—19.66 

357.80 

/ 

-21.59 

358.97 

6.28F*C0 

1 . 0 C p + .*• •' 

/ 

-35.7? 

177.12 

t 

-96.65 

3.8 7 

/ 

-19 .52 

355. p: 

/ 

-19.70 

357.92 

f 

-21.57 

359.29 


l .50R+rc 

/ 

- 3 5.92 

166.11 

/ 

-96. 5 P 

7 .97 

/ 

-16.59 

359.85 

/ 

-19.72 

3‘ c . c 9 

/ 

-21.58 

359.85 

1.26F+01 

2 .1CF +C 0 

/ 

- 35.63 

156.9'' 

/ 

-96.38 

1 1 . 51 

/ 

-19.51 

353.58 

/ 

— 1 9 . o 6 

3 57.9 5 

l 

-21.65 

0.2 5 

l.RPF*01 

3.Cr E+CC 

/ 

-.35.66 

191.37 

/ 

-95.86 

19.95 

/ 

-19.99 

350.35 

/ 

-19.58 

2 c 6 . 93 

/ 

-21.92 

C.51 

2 *5 1F*0 1 

9.C<\F*C G 

/ 

-.16. C 2 

1 2 9 . C C 

/ 

-95.31 

17.76 

/ 

-19.92 

396.56 

/ 

-15.51 

355.39 

/ 

-•21.27 

0.21 

3.77F+-01 


/ 

-36.62 

1 16 . 2 3 

/ 

—99 .39 

21*73 

/ 

-19.57 

33H.r. j 

/ 

-19.50 

351.66 

/ 

-21.13 

358.69 

5.' 3F+C 1 

P.COF+'M 

t 

-36.59 

96.18 

/ 

-93.53 

21. 7<* 

/ 

— 1 9 • q 6 

331 . 8 7 

/ 

-19.69 

3 9 8 . r 5 

/ 

-20.83 

356.60 

6.dldF+Ol 

I .rCF+ri 

f 

— 37.29 

B9.65 

/ 

-92.83 

21.53 

/ 

-15.23. 

323.62 

/ 

-19.70 

399.0fc 

✓ 

-20.65 

353. d9 

9.92F+01 

l.SCF+Cl 

/ 

-37.72 

61.23 

/ 

-91.36 

18.22 

/ 

-16.16 

306.58 

/ 

- 19.65 

336. * 9 

/ 

-20.17 

396.08 

1.26F+C2 

2 . ° 0 5 >c l 

/ 

-35.16 

90 «.' 5 

/ 

-39.98 

12. 73 

/ 

-16.86 

291.25 

/ 

-19.65 

327.93 

/ 

- l c .98 

336.99 

1.67F+02 

2.5CP+01 

/ 

-36.39 

18.3 3 

/ 

-38.95 

6.12 

/ 

-17.15 

277.13 

/ 

-19.10 

318.53 

/ 

-18.99 

326.60 
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TABLE 6. (Concluded) 


FREQUENCY 


VARIABLE’ 22 


‘ VARIABLE 38 


VARIABLE 42 


VARIABLE 43 


’ VARIABLE 

** 

RPS 

. CPS 


DECIBELS 

PHASE 


DECIBELS 

PHASE 


DECIBELS 

PHASE 


DECIBELS 

PHASE 


OECIBELS 

PHASE 

6.28E-CI 

l.OCE-Cl 

/ 

-15.67 

359.91 

/ 

-17.22 

357.94 

/ 

-21.47 

355.74 

/ 

-O.fcC 

359.53 

/ 

0.0 

0.0 

9.42E-01 

1.5QE-01 

/ 

-15.67 

359.86 

/ 

_ -17.27 

356.99 

/ 

-21.49 

359.65 

/ 

-0.60 

359.99 

/ 

.... o.o .... 

.0.0 _ 

1 • 2 ft E *0 0 

2.00E-01 

f 

-15.67 

359. ei 

/ 

-17.33 

356.12 

/ 

-21.51 

359.59 

/ 

-0.61 

359.86 

/ 

0.0. 

0.0 

1.88E+09 

3.3CE-01 

/ 

-15.67 

359.76 

/ 

-17.49 

354.68 

/ 

-21.57 

359.61 

/ 

-0.61 

359.79 

/ 

o.c 

0.0 

2. 5 IE*Q0 

4.00E-CI 

/ 

-15.67 

359.71 

/ 

-17.65 

353.59 

/ 

-21.64 . 

.359.78 

/ 

-0.61 

359.73 

/ 

0.0 

0.0 

3.77E*00 

6. POE— 01 

f 

-15.66 

359.59 

/ 

-17.95 

352.30 

/ 

-21.74 

0.48 

/ 

-0.61 

359.61 

/ 

0.0 

0.0 

5.03E+00 

a.onE-oi 

/ 

-15. 64 

359.45 

/ 

-18.17 

351.62 

/ 

-21.31 

1.43 

/ 

-0.61 

359.45 

/ 

o.c 

0.0 

_6 . 28E+Q0 

l.CCE*CO 

/ 

.-15.62 359.26 

/ 

.. -18.32 

351.17 

/ 

-21,83 

. .2.49 

/ 

-0.60 

359.37 

/ 

n.n 

.0.0 

' 9.42E*00 

i.50E*CO 

/ 

-15.57 

358.67 

/ 

-18.53 

350. C8 

/ 

-21.81 

4.78 

/ 

-C.60 

359.06 

/ 

o.c 

0.0 

1.2fcE»0l 

2.0CE+00 

/ 

-15.52 

357.96 

/ 

-18.61 

348.63 

/ 

-21.70 

6.87 

/ 

-0.59 

358.75 

/ 

0.0 

c.o 

1.83E4-01 

3.00E+00 

/. 

-15. A3 

356.23 

/ 

-18.65 

344.86 

/ 

-21.39 

10i25 

/ 

-0.56 

350.11 

/ 

o.o „ 

0.0 

2.5iE*0i 

4.CCE*C0 

/ 

-15.37 

354.27 

/ 

-18.79 

340.52 

/ 

-21.03 

12.81 

/ 

-0.52 

357.44 

/ 

0.0 

0.0 

3.77E+01 

6.0CE+00 

/ 

-15.33 

350.14 

/ 

-19.13 

331.58 

/ 

-20.29 

16.62 

/ 

-3.42 

356.06 

/ 

0.0 

0.0 

5.036*01 

8.006*00 

/ 

-15.33 

345.59 

/. 

-19.58 

323. C9 

/ 

. -19.57 

;19.58 

< 

-0.29 

354.66 

/ 

o.c 

0.0... 

6.28E*0 1 

' l.OCE + pr 

/ 

-15.32 

341.79 

/ 

-20.07 

315.09 

/ 

-18.94 

22.11 

/ 

-0. 14 

353.22 

/ 

c.o 

0.0 

9.42E*0l 

1.5CE+CI 

/ 

-15.17 

330.66 

/ 

-21.17 

296.73 

/ 

-16.99 

27.23 

/ 

0.39 

349.47 

/ 

0.0 

o.c 

1.2fcE*02 

2 .0GE*01 

/ 

—14.71 

318.60 

/ 

-21.91 

279.84 

/ 

-15.08 

30.93 

7 

1.12 

345.32 

/ 

. O.o 

0.0 

1.576*02 

2.50E+C1 

/ 

-13.90 

305.65 

/ 

-22.19 

263.70 

/ 

-13.03 

‘ 33.09 

/ 

2.10 

343.46 

/ 

0.0 

0.0 
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APPENDIX A 


DESCRIPTION OF THE COEFFICIENT EVALUATION PROGRAM 

In the discussion of the nonlinear engine equations, coefficient expressed by BXX 
were contained in many of the equations. These are functions of component design 
and represent physical processes and/or geometry. Using engine balance informa- 
tion (from models which include many sophistications not required in the frequency 
response model), the subsystems can be described quite accurately for small var- 
iations about the balance point. The balance point data is therefore read into 
the program as well as slopes of empirical relations at the balance point. 

Some of the BXX values are not functions of operating point, but represent dyna- 
mic parameters such as compliance or inertance. These values are contained in 
the program itself. 

After computing the values of BXX which are balance point dependent, the entire 
set is listed as output, as well as the entire input list. The linear coeffi- 
cients are then calculated from the BXX values and operating point and slope data. 
These are automatically transferred to their proper location in the frequency re- 
sponse program. 

A coefficient "KOLI" discussed in the input data section of Appendix B selects 
which of the input variables is to be used and calculates the coefficient for that 
variable while setting all other inputs to zero. 

Multiple cases in general require multiple individual runs except in the case 
where only the input variable is changed. Each setup requires full information 
concerning the balance point. 

A listing of "EVALAB," the coefficient evaluation program is contained in this 
appendix (Table A-l) . 
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TABLE A- 1. EVALAB COEFFICIENT EVALUATION PROGRAM 


LEVEL 2 ( NOV 7? ) 


CS/36C FORTRAN F EXT ENDED 


DATE 73.26A/19.53.A0 


REQUESTED OPTIONS: MAP .DECK , L I ST , XREF ,CPT=2 


OPTIONS IN EFFECT: 


ISN COO 2 
ISN 0003 
ISN OOO A 
ISN 0005 
_ISN C006 


N4MF(MA!N> CPTIMf ZE(2) L I NFCCUNT I AG ) SIZE(MAX) AUTOCBL ( NONE ) 

SOURCE EBCDIC \ 1ST DECK . OBJECT _MP ACIEQRM AT . GOSTMI XREF_AL.C .NOANSF_.NOTEPM INAL-ELACLU 



ISN 

0007 

i« 

ISN 

0008 

ISN 

C009 


ISN 

CO IG 


ISN 

DC 11 

70 

W 

ISN 

0012 

CO 

ISN 

0013 

l£> 00 

ISN 

OOIA 

£* CO 

ISN 

0015 

to 

1 



1 

ro 

I SN 

0017. 


ISN 

0018 


ISN 

0019 


ISN 

0020 


ISN 

0021 


ISN 

0022 


I SN 

0023. 


ISN 

0C2A 


ISN 

0025 


... . ISN 

0026 


: ISN 

0027 


ISN 

0028 


. ISN 

0029 


ISN 

00 2 C 


ISN 

0031 


ISN 

no$2 


ISN 

0033 


StliiR Cl. T INF F V A I. A 0 

_ . DIMENSION A ( 50 ,2 “C ) , V I L7C I » B ( 120 ) 

DIMENSION FTABI5) ,GTAI3(9» 

DATA FTAB/C. 0,0.355,0. 51 ,C. 7 ,0. eA5, 0.88 ,0.9,0. 9A3, 
.....DAT. A GTAB / ID . v , lPrC . 0 , 1.8C0. C ,36 3C .0 , &L00 .0,6A0C.0, 
150C-.C/ 

COMMON ICRT, A, inVl 200) /OVAL/ TITLEI18) 

. . NAMELIST / V.NOM/ V.KCLI , IOV, SCALE, ID 

WPITE(6,1) TITLF 

1 FORMAT! * 1* , 1 8 AA ) 

_ SCALE =1.0 

REACT 5, VN0M,END=32) 

WRITE (6, 2) KOLI 

2 FORMAT! 'ITHE NUMHFR OF THE INPUT VARIABLE IS:*, 13) 

IF! INFLAG. EQ. 123 ) GO TO 10 

COMPUTE NOMINAL VALUES 

B ! 1 1 ) , = V (106 ) *V ( 73 ) /V! 22 ) ... ; ... 

8(12) = (V(62)-V(57))/V(73) 

P( 13) = V(97)/V(73)**2 

B( 1A) = 1.0/V ( A3) 

0(15) = V ( Q 1 ) * SO R T ( V { 7 8 ) ) / V ( 7 3 ) 

B(LA) = V(99)/(V(115)*V(5i)) 

R f 17) = V(25)**2/( (V(51)-V!55))*V(95) ) _ 

R(IR) = . V! IC7.)*V(74)/V(22) 

R ( L 9 ) = (V(63)-V(621.)/V(7A)**2 

0(20) = V(98 ) /V( 74) **2 

0(21) = 2500. C 

H( 22 ) = (V(63)-V(69) )*V(3)**2/V(22)**2 

0(23) = l.O/Vl AA) 

PR = SORT I V ( 55 )/V ( 561 ) 

GAMPR = SORT ( PR** (2 .C/l » A ) -PR**( 2.A/ l. A) ) 

B ( 2 A ) = V ( 26 ) *SQRT ( V( 82 ) ) / ( V ( 56 )*GAMPR ) 

B ( 2 5 ) = V( 92 ) / VI 7A ) 


1 . 0 / 

6A00..0, 


55L0..C.,_ 


GCCCFOCO 
0000601C 
000060 15 
QC006C- 16 
.C0006017 
0CC06C 18 
0C006C19 
00006020 
0CCC6030 
CCCOOOAO 
0CC06CA5. 
0CC06C50 
GCC0606Q 
00006070 
000*6080 
00CC6O50 
CCC061C0. 
00006110 
CCCC6120 
OCCC* 1 30 
P0CO6IAC 
CCC3615C 
00006160 
C0QC6 1 70 
00006180 
ocrofcisr 
cocotzcn 

00CC6210 
0GC36220 
OC CO 6230 
CCC06260 
00C06250 
00006260 


/ j. 


RSS-8549-2 




TABLE A-l. (Continued) 


LEVEL 2 T NOV 72 ) EVALAQ CS/360 FORTRAN H EXTENOEO DATE 73.264/19.53.40 


ISN 

0034 

8126) 

= V(100)*V(56)/V(ll.fl) 

C0CC6270 

ISN 

0035 

H ( 27 ) 

= V( 108) *V( 75 ) / ( V I 27 ) +V (30 ) ) 

0CC06280 

ISN 

0036 

8(28) 

= (V(64>-V(6C))/V<75)**2 

CCfC6250 

, ISN 

0037 ' . 

B ( 29 ) 

= V( 1C5 ) *V ( 59 ) /V ( 127 ) 

C0C063C0... 

ISN 

0038 ‘ 

HI JO ) . 

= VlWj-UC 

-00 CG 6 3 10 

ISN 

00 3 9 

HI JL ) 

= 1.0 

CGCC6320 

ISN 

0040 

R ( 3 2 ) 

= ( V I 6 1 )-V ( 60 ) ) / V ( 20 ) 

CCCC6330 

ISN 

OCA I 

HI 33) 

= 150.0 

COO 06340 

ISN 

£042 

6134) 

= V( LOl)/V( 751**2 

00006350 

ISN 

0043 

6(35) 

= 1.0/VI45) .. ... 

. . 00CO636O. 

ISN 

0044 

8(36) 

= V( 134>/(V(121)*V( ill )*V(3l>**2> 

0-0006370 

ISN 

0045 

BUM 

= ( V ( 65 )— V ( 64 ) )/V(31)**2-V( 122) 

00006380 

ISN 

9C46 

6138) 

= V( lll)*V(31 ) / V ( 75 ) 

00006350 

ISN 

0C4 7 

8(39) 

= V( If 9>*V( 761/1 V(27)+V(31)+VC30)) 

0JCC64C0 

ISN 

C04B 

B ( 4 0 ) 

= (V(65>-V(64) >/V(76)**2 

00006410 

I SN 

C04 9 

.8(41) 

....= VI IC23/VI 76) **2 . ... . ._ 

_ 0 "00 6 420 

ISN 

0050 

B ( 4 2 ) 

= l.n/V(46) 

00006430 

I SN 

0051 

B ( 4 3 ) 

= V(llC)*V(76)/V(30) 

00 CO 6 4 40 

I SN 

0052- ....._ 

. 6(44) 

= V(1C3)/V(76)**2 . 

; . COCO 64 50 . . 

S SN 

0053 

B( 45 ) 

= (V(66)-V'(65) » / V t 76 ) 

COCO 6460 

ISN 

0054 

B ( 46 ) 

= 100. C 

00006470 

I SN 

005^ 

B I 4 7 ) 

= V I 93 ) /V ( 76 ) . 

.. ._ C0C06480. _. _ . 

ISN 

G056 

PR 

= S Q R T ( V ( 55 )/V( 59) ) 

OC 0064 50 

ISN 

0057 

GAMPR 

= SORT (PR** (2. 0/1. 4) -PR** (2. 4/ 1.4)1 

OGCC65CO 

ISN 

0056 . . . .. 

B ( 4 8 ) 

= VI 32 )*SORTI V ( 83 ) ) /V I 59 ) *GAMPR- 

O r ' CO 6 5 10 

ISN 

0059 

• B(49) 

= 38120.0 

00006520 

ISN 

0C6C 

B( 50) 

= 66.675 

CO CC6530 

ISN 

0061 

.8(51) 

= ( V ( 52)-V(56) )*V(96)/V(23)**2 

. . CC: 36540 . . 

ISN 

0062 

B ( 52 ) 

= 50. C 

03006550 

ISN 

0C63 

B( 53 ) 

= ( V(67)-VI68) )*(V(2)/V(24> )**2 

00036560 

ISN 

0064 

R I 54 ) 

= (V(68)-V( 56) ) / V ( 24 ) **2 

O' 1 00 6 570 

ISN 

0065 

D ( 55) 

= i.C / V ( 89 ) 

00 ^06 5 80 

ISN 

CC66 

3(56) 

= 1378.3 

00006550 

ISN 

co 6 7 ... 

ii( 57) 

= r:?.c . . 

00 00 6 6^0 . 

ISN 

0068 

fi( 58 ) 

= ( V ( 52 )— V( 59) ) *V ( 56 ) / V ( 28 ) **2 

00 CO 66 10 

ISN 

0069 

B I 59 ) 

= LC.O 

0000662 C‘ 

ISN 

eel'' 

P(6 r ) 

= (V(-7C,)-V(59) )/V(29)**2 

00 CO 6 6 30 

ISN 

C 0 7 1 

DIM ) 

= < V(67)-V(7C) ) * I V ( 5 ) / V ( 29 ) ) ** 2 

00006640 
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TABLE A-l. (Continued) 


Level' 

2 (NOV 72 )"" 


EVALAB CS/360 FORTRAN H EXTENDED 

DATE 73.264/15.53.40 

isn 

0072 

8(62) 

9 

= 1.0/V19C) 

00006650 

ISN 

OC 73 

H ( 6 3 ) 

= 35CCC.0 

QCCG6660 

ISN 

0074 

R ( 64 ) 

= 3945.0 

0*006670 

ISN 

0075 

PR 

= V( 53 ) /V ( 55 ) .. .. . .. 

G0C06672 ... 

ISN 

0076 

GAM PR 

= (PR**(2.P/1.4)-PR**(2.4/1.4) ) 

COC06674 

ISN 

0077 

8(65) 

= V( 16)*SQRT(V<81> )/V(55)*GAMPR 

00006680 

ISN 

0078 

B(66) _ 

= 0.5C55 

00 CD 6650 

ISN 

CC79 

8(67) 

= 0.2563 

GCCC67C0 

ISN 

0080 

8(69) 

= 0.24 

OC CO 6 7 10 

ISN 

• QOfl l 

_8(65) 

= . 50 • C _. , 

C0CC6720 

ISN 

0082 

BI7G) 

= ( V ( 6 5 ) - V ( 5 8 ) ) * I V ( 4 ) / V 1 27 ) ) **2 

0CCC6730 

ISN 

0083 

B ( 7 1 ) 

= (V(58)-V(53) )/V(27>**2 

00006740 

ISN 

0084 

8(72) 

= 6838.0 ....... 

09006750 . 

ISN 

0085 

0(73) 

= V( 15)*V(6)/V(53) 

O0CO676O 

• ISN 

0086 

8(74) 

= 3.812 

€"006 770 

ISN 

CO 8 7 

_ 0(75) . 

- 483.75.. .. . . .. . _. .... ... 

Cl CO 6 7 SO 

ISN 

0088 

B ( 76 ) 

= ( V ( 69 ) -V ( 51 ) ) *V ( 95 |/VI 18 1**2 

00CC6790 

ISN 

0089 

8 ( 77) 

= 0.001 

OOC068CO 

... ISN 

009C 

. 8(70 ) .. 

= V ( 78 ) *V (95) /V ( 51 ) 

0CCC6B1Q . . .... . . 

I SN 

0091 

8(79) 

= V( lC)/( ( 1.0+O.C02*V(78)|*(V(85)-V(78) )*V( 18) **0.8) 

09006820 

ISN 

009 2 

BIBO) 

= 2.0*8(79) 

00006830 

I SN 

0093 

-.8(81). 

_E._V( 8 ) / (,.(.V.( 8C )-V ( 85) ) *V,( 15 ) **0 .8 ) . 

CCC06e4Q 

ISN 

0094 

B( 82 ) 

~ 0.31 

OOCC68 50 

I SN 

0095 

8(83) 

= 0.0825 

CCC06860 

ISN 

.0096 •. 

B( 84 ) .... 

= 2.544 ; 

00 CO 6 8 70 

ISN 

0097 

H ( 85) 

= 218.0 

CCCC68 60 

ISN 

0098 

8(86) 

= (V(69)-V( 50) )/V( 17)**2 

. 00CC6650 

ISN 

009Q 

BUJ) 

* 0.CCP5 . 

000*6500 . _ . 

ISN 

0100 

8(88 ) 

= V(77|*V(94)/V(5d 

00CC69C2 

ISN 

Old 

B( 89) 

= V( 9 ) / ( ( V ( 84 ) —V ( 77 ) ) * ( 1.0+0 .002*V( 77) )*V( 171**0.8) 

00006904 

ISN 

0102 • _ 

8(90) 

= 2.0*V( 89) 

0 ^ r n 6 c > C 6 

ISN 

0103 

0(91) 

= V( 7)/( ( V(8C)-V(84) )*V(15)**C.8| 

00C069C8 

ISN 

0104 

B ( 92 ) 

* 0.166H 

00006910 

ISN. 

CIO 5... 

„B( 93 ) 

= 0.0834 . 

0orr6c 12 

ISN 

0106 

8(94) 

= 21.19 

00006914 

ISN 

C 1C 7 

8(95) 

= (V15C )-V( 521 )*V(94)/V(13)**2 

00 CC 69 16 

ISN 

0108 ..i|. .. 

B( 96) 

= 81600.0 

00C06518 

ISN 

mos 

B ( 9 7 ) 

= 32 TOO . C 

COCC6920 
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TABLE A-l. (Continued) 

rev EL ; ~2 " I NOV “72 1 E VALAB C S/360 “FORT RAN~ H EX TENDED ' DA TE 7 37264/19 .53, 76 


ISN 

0110 

- 

B( 98 I = 20.0 

00006922 

ISN 

0111 


Bl 99 ) = CV(69>-V(52))*Cm)/VI33))**2 

C0CC6924 

ISN 

0112 


BUOOI = V(79)*V(96)/VI52) 

00006926 

ISN 

0113. _ 


Bl 101 » * V(49)/VI 7 8) 

00006928 ... * 

I SN 

0114 


8(102) = VI 48 )/V(77) 

Q0CC6930 

ISN 

0115 


Bl 1 03 I = V«47)/I V(99)*V(74) l 

00006932 

ISN 

0116 


Bl 104 ) = (VI66)— VI67) )/V(3C)**2 

00CD6934 

ISN 

0117 


Bl 105) -| (VI33)+V( 13) >/V(96)-V(13)/V(94))/V(33> 

C0C06936 

ISN 

one 


B 1 106) = VI 36 ) /VI 65) 

0PCC6938 

ISN 

0119 


Bl 1 07 ) = (VI2fl)+V(35) ) / V I 32 ) 

00006940 

I SN 

0120 


HI 108 ) = ( V I 25)+V l 26 I + VI32 ) ) /V 1 16 ) 

0GCC6942 

I5N 

0121 


8(109) = (VI 15 ) -V 1 19 > 1 /V < 16 ) 

00006944 

ISN 

0122 . 


BIllC) = I VI 17) +V1 18 ) + VI33 ) ) / V ( 22 ) 

00C06946 

ISN 

C 123 


Bllll) = (V(23)+V(34)|/V<26) 

CCC06948 

I SN 

0124 


FOXD = VI 24 ) / I V I 24 ) +-V 1 23 ) ) 

00006950 

ISN 

0125 


IRFT = 1 

OP.ODfe<352 

ISN 

0126 


GO 10 5 

00006954 

ISN 

0127 

3 

81112) = I V ( 82 ) -GAMMT ) /V 1 79 ) 

GCC06956 

ISN 

0 128 


FOXD = V(35)/(V(35)*V(2B) ) 

00C06958 .. . . 

ISN 

0129 


IRFT = 2 

00006960 

ISN 

0120 


GO TO 5 

• 0CCC6961 

ISN 

0131 

4 

Bl 113) = (V(83)-GAMMT)/V(79) 

00006962 

ISN 

0132 


B 1 114) = VI 54 ) /VI 53 ) 

CD CO 69 6 3 

ISN 

0133 


Bl 115) = 76.9231 

CCC56964 

ISN 

0134 


Bl 1 16 ) ... = 1000. n .. . .. . 

00006965 

ISN 

0135 


GO TG 9 

0GC06966 

ISN 

0136 

5 

DO 6 1=2, 10 

00006968 

ISN 

C 1 37 


ififoxo.gt.ftabiuj GO TO 6 . . 

00006570, 

ISN 

0139 


GAMMT = GTABI 1-1 ) + (FOXD-FT AB I 1-1 ) ) *( GTABI 1 )-GT ABI 1-1 1 ) / 

00006972 



1(F TAB! I )-FTAB( I — 1 1 I 

00006974 

ISN 

0140 


GO TCI 3 ,4 ) , 1 RET 

0CC06976 .... . 

ISN 

0141 

6 

CONTINUE 

00006978 

: ISN 

0142 


WRITEI6.7) FOXD 

00006980 

ISN 

0143 

7 

FORMA T 1 • OXIDIZER FRACTION EXCEEDS ONE* , 1PE12.3) 

000069 82 .... 



C 

PRINT V VECTOR AND B .VECTCR 

00007910 

ISN 

0144 

9 

HR I TE I 6 » 9 1 ) 

CCC07920 

ISN 

0145 .. 

91 

FORMAT! • STEADY-STATE VALUES FOR ENGINE PARAMETERS * ) 

DO DC 79 3C 

ISN 

0146 


WRITEI 6.27 ) (VI I), 1=1, 60) 

0CPC794C 


RSS-8549-2 


TABLE A-l. (Continued) 


LEVEL 

2 C NOV 72 

) 


EVALAB CS/360 FORTRAN F EXTENDED OATF 73.264/19.53.40 

ISN 

0147 ... 


WRITE(6,29) IV(I), 1=61, 120 

0CCG7942 

I SN 

0148 


WRITE16, 30) (VII), 1=121, 163) 

0OC07944 

ISN 

C149 

93 

FORMAT! 1H0*1P10E11.4) 

C0007950 

ISN 

0150 


WRITE! 6,5 5} . . 

QC CC 7960 . 

ISN 

0151 

95 

FORMAT! • 1VECT0R OF COEFFICIENTS CORRESPONDING TO THE ABOVE STEADY- 

•0 n C07970 




ISTATE VALUES, ail THROUGH B116. • ) 

CL CC 7960 

ISN 

0152 


WR1 TE ! 6 , 93 ) !B! 1) ,1=11,116) 

00 r 07950 

ISN 

0153 


All, 

11 = 

1.0 

oc^cacco 

ISN 

0154 


812 

= 

Vl 5 7 )— V ( 62) 

CCC08310 

ISN 

0155 


C 12. 


.V(133)*VI 106)/VU13).„ . .. 

GCC08C2G 

ISN 

0156 


All, 

3) = 

R 12*1 2 ,0-C 12 ) /V( 73) 

000C8O3O 

ISN 

0157 


All, 

5) = 

B12*C 12/V 122) 

0OCC6C4O 

ISN 

0158 . 


B22 

= 

VI 134)*V(106)/V(114) 

oc^oBrso 

ISN 

0159 


C22 

= 

VI 135)*V19l)/VU15) 

00 or. 8060 

' ISN 

0160 


A ( 2 , 

2) = 

1.0 

00 00 3070 

ISN 

0161 


_A( 2, 

3) = 

-B 1 14 ) /VI 73 ) *! V 1 97 ) * ( fi22“2.0 1 +V 199 )*C221 .. _ . ...... 

ccocace'o . 

ISN 

0162 


A ( 2, 

5) = 

R! 14)*B22*V(97)/V122) 

CCCC8T90 

ISN 

0163 


B219 

= ' 

B 1 14 ) *V 1 99 ) *VI 136 ) *V 14 1 1 * 1 VI 5 5) / V ( 51 ) )**V( 41 )/Vl 1 15) 

oooceico 

_ ... ISN 

0164 


A! 2, 

33) = 

-B219/V155) 

OC no 8 110 

ISN 

0165 


A ( 2 , 

41) = 

1B219-R1 14) *V! 99) > /V 1 5 1 > 

cocoa 120 

ISN 

0166 


A! 2, 

46) = 

HI 14 j *V( 99) *C22/C 2,0*V (78 ) ) 

00008130 

ISN 

0167 


A! 3, 

l) = 

— B (21) ... .. . 

0GGG8143 

ISN 

0168 


B33 


V(137)*V!107)/V(116) 

0GCC8150 

ISN 

0169 


A ( 3 , 

4) = 

l.C- 

COCO 81 60 

_ ISN 

0 17G 


A! 3, 

5) = 

-B(2i)*( 1 VI 63) -VI 62) ) *B33/V 1 22 )-2 .0*B 122 )*V( 22 )/ V 1 3 )**2 ) COCO 6 l 70 

ISN 

0171 


A! 3 , 

7) = 

-B(2l)*( V<63)-V(62))*t2.0-B33)/V(74) 

on oo ai ho 

ISN 

0172 


A ( 3 , 

67) = 

B121) 

C0CC8185 

ISN 0173 


.B43 

3 = 

VI 138)*V( 107)/V(117) 

coccaiso 

ISN 

0174 


A ( 4 , 

5) = 

B( 23)*V(9R)*B43/V(22) 

C0CC82C0 

ISN 

0175 


B44 

= 

VI 139) /VI 118) 

OC C'182 10 

.ISN 

0176 


A ! 4 , 

6) = 

1.0 

00C08220 

• ISN 

0177 


A! 4, 

7) = 

B(23)*(V(98)*(2-H43)/V(74)-V1 100 )*B44*B(25) ) 

00 CO 82 3C 

ISN 

0178 


B415 


1 VI 140 )*V 1 42 ) *1 V 1 55 ) /V 1 56 ) ) **V 1 42 ) ) /V 1 118) 

00008240 

ISN 0179 


A ( 4 , 

25) = 

-B 1 23 )*V ( 100) *1 1 .0-B4 15 ) / V I 56 ) . ... 

00038250 ... 

ISN 

0180 


A! 4 , 

33) = 

-B( 23 )*V( ICO ) *B415/V1 55 ) 

OC CO 8263 

ISN 

0131 


A! 5, 

8) = 

1.0 

00 08270 

„ ISN 

0182 _ 


856 

s 

VI 141)*V( 108)/V( 119) 

00006280 . . 

ISM 

0183 


A! 5, 

10) = 

-l VI 64) -VI 60) )*(2.0-R56)/V(75) 

00C0825C 


TABLE A-l 


(Continued) 


LEVEL 

2 ( NOV 

72 I 

EVALAB CS/360 FORTRAN H EXTENDED 

DATE 73.264/19.53 

ISN 

0184 

AC 5 till 

’.S 

CV( 64)-VC60) J*R56/(V(162)+V(3l)> 

OOC3R30O 

ISN 

0185 

AC 5 ,73 ) 

= 

-A C 5 » 11 ) 

00008310 

ISN 

0186 

866 

= 

V(142)*V(lil)/V(12i) 

00COH320 

.ISN 

0187 

C66 


VC 143|*V( 10BJ/VC 120) . 

. 0CCOB33Q 

ISN 

0188 

A C 6 , 9 ) 

= 

1.0 

00008340 

ISN 

0iB9 

A ( 6 , 10 J 


-BC 3 5 ) ♦ t V<104)*ft66-2.0*Vll01)+V(101)*C66)/Vl75) 

09rC8350 

ISN 

0190 _ 

A(6,73) 


BC 35 ) *V( 101 >*C66/( V(27)*V(30 1+VC36) ) 

COCO 83 70 

ISN 

0191 

A(6,U) 

- 

— R ( 3 5 ) *V l 1C 4 ) *12.0-866) /VC 31 )-AC6, 73 ) 

CO .90 8383 

I SN 

0192 

A(7,8> 

= 

VC 31 ) / (2.0*( VC 65) -VC 64 ) ) ) 

00008390 

ISN. 

C 19 3 

B76 

= 

V(3l>*V(i44)*Vliil>/{2.0*<B(37»+V( 122))) _ 

. OOC984CO 

ISN 

0194 

A ( 7,10) 

= 

876/VC75)' 

C0CC841 0 

ISN 

0195 

AC 7 , 11 ) 

= 

l. 0-H 76/ V (31 1 

OOCO042O 

ISN 

0196 .. 

........ A( 7 » 12 ) 


-A (7,1) 

00038430 

ISN 

0197 

B87 


VC 145 ) /VC 123 ) 

0QCC8450 

ISN 

0198 

BR8 

* 

V(27)+VC30)+VC31)+VC36) 

00008460 

ISN 

0199 

A( 8 , l L ) 

S 

_-B87*V( IC>9)*( VC65)-V( 163) )/BQ8 . . 

00008470 

ISN 

0200 

A( 8 , 12 ) 

X 

1.C+B(1C6)*A(8,11) 

00CGB48C 

ISN 

0201 

A ( 8 , 14 ) 

X 

(V(64)-V(65) )*C2.C-B87*VUC9) I/VC76) 

00C08490 

.. ISN 

C20 2* 

A( 8, 16) 

= 

AC 8, 11 ) 

0CC085C0 

I SN 

020 3 

A ( 8 , 36 ) 

= 

AC 8, III 

00C38510 

ISN 

0204 

A ( 8,75) 

= 

-1.3 

00C08515 

ISN 

0205 

B97 

= 

VC 146)* VC 1C9I/VC 124) 

.... . GOOD 8520. . 

ISN 

0206 

C97 

s 

VC 102 1/088 

00338530 

ISN 

0207 

AC 9, 11) 

= 

B(42)*B97*C97 

OOC 08540 

... ISN 

0208 

R99 .. 

= 

V( 147)*V( m)/V(125) 

COG-08 5 50 

ISN 

0209 

C99 

s 

B(47)*VC76)*V(148)/V( 127) 

00008560 

ISN 

0210 

A ( 9 , 13 ) 

X 

1.0 

COOC657Q 

ISN 

C211 

„..AC 9 ,14). 
1 

X 

-0 ( 42 >*( VC 1?5).*C9S-V( 1021* (2.0-897 )-V(103J* . 

(2.0-899) )/V(76) 

0GCG8580 

00008590 

ISN 

0212 

A ( 9 , 16) 

- 

AC 9, lL) + BC42l*V(n3)*H99/VC30) 

CCr08600 

ISN 

0213 

A ( 9 , 3 1 ) 

= 

— 8 C 42)*V( l " 5 ) *( 1.0*V( 127)-V(149)*V(19)*( VC 55)/V(59)) 

00008610 



l 

**V(39) )/( V(59)*VU27) ) 

00 CO 8620 

ISN 

0214 

AC 9 , 33 ) 

= 

— B (42)*V(105)*V(149I*V(39)*(V(55)/V(59|) **VC 39 ) / 

rnnC8630 



11 VC 55)*y(127) ) . ... ... 

00008635 

ISN 

0215’ 

A C 9 , 16 ) 

s.' 

AC 9, in 

0PC08640 

ISN 

0216 

AllO, 12) 

■SB 

-B(4f ) 

0003865C 

v ISN 

0217 . 

. 0109 

= 

VC 15C )*V( 1101/VC L26 ) 

CCCCH660 

ISN 

0218 

AC 1-0,14 ) 

- 

-BC 46)*l VC 661 -VC 65) ) * l 2 .0-B109 ) / V ( 74 ) 

00001670 


RSS-8549-2 


TABLE A-l. (Continued) 


LEVEL 

2 I NOV 72 ) 

EVALAB CS/360 FORTRAN H EXTENDED 

DATE 73.264/19.53.40 

ISN 

0219 

A( 10 » 15 ) = 

1.0 

0^008680 

ISM 

0220 

AI 10,16)= 

B I 46 ) * 1 2. 0*B 1 1C4 ) *V( 30 1-I VT66 )-VI 65 ) ) *61Q9/V ( 30 ) ) 

OOCC869G 

I S N 

0221 

A I 10,19) = 

Bl 46) 

00008700 

ISN 

0222 „ „ 

A I ll, 17) = 

1.0 . .... ... .. _ ... ._ 

CCCC871G . 

ISN 

0223 

FUR 

VI 35 ) / 1 VI 35 ) +VI 2fl ) ) 

OO CO 8720 

ISN 

0 224 

FFllP 

VI 151)*F0P*(1.0-FCP) 

00008730 

ISN 

0225 

B 1 1 1 6 

VI 32 ) *F FOP/ (2.0* V 1 831 ) 

C0CC8740 

ISN 

0226 

A( 11,27)= 

-ll 1 1 16/V I 28) 

0 1008750 

I SN 

0227 

A( 11,29) = 

-B 1 1 16/Vi 29) 

CC CC 8760 

ISN 

022H 

PR 

I V 1 5 5) /VI 59))**. 5 

OCCO(5770 

ISN 

0229 

GA'IPR' 

(PR** (2. 0/1. 4) -PR** I 2. 4/1. 4) )**.5 

00008780 

ISN 

02.10 

DGAMPR = 

!2.a*PR**( . 6/1.4 ) -2.4 *PW** 1 1.0/ 1.4) ) / 1 2 . 8*GAMPR ) 

00 CO 8 7 85 

ISN 

0231 

BlilB 

OGAMPR*PP/( 2.0*GARPR) 

. or 008790 . 

ISN 

0232 

Alii, 311 = 

V I 3 2 ) * I B l 1 1 8- 1 • G ) / V I 59) 

COC08BCO 

. ISN 

0233 

A( 11 ,33) = 

-V I 32 )*Rl 1 1 8/V (55 ) . 

0CC08U0 

ISN 

0234 

_ AT 11 ,70 = 

B 1 1 13 ) *V ( 32 ) / 1 2 .0*V( 83 ) ) 

0C.CG8 820 

ISN 

C235 . 

A ( 12,16)= 

- B I 49) 

00008830 

I SN 

0236 

A ( 12,18)= 

1.0 

00008840 

__ I SN 

0237 _ 

A( 12,23) = 

Bl 49 ) 

0U0C8R50 ..... 

ISN 

0238 

• A ( 12,29)= 

Bl 49 ) 

•PCC08860 

ISM 

0239 

BIT 13 = 

Bl 50)*B(51)*V(23)**2/V(96) 

0CCC887C 

ISN 

0240 

A( 13,20)= 

1.0 _ _ 

0 n CCft880 

ISN 

C 24 1 

A I 13,21 ) = 

2.0*B1313/V(23) 

COCO 8890 

ISN 

0242 

A ( 13,25) = 

BC5C) 

0CCC8900 

ISN 

0243 ___ 

A (13,651= 

— B I 50 ) . _ 

OOCC89LO 

ISN 

0244 

AI 13,71)= 

-ft 13 13/VI 96 ) 

CCC08920 

ISN 

0245 

A I 14,19) = 

-BI52) 

000G8930 

ISN 

0246 

R1414 = 

2.0*B ( 53 ) *1 V ( 241 /V 1 2 ). 1**2 ... _ ... _ 

CC 00*940 ..... 

ISN 

0247 

AI 14,22) = 

1.0 • 

OC CO 89 50 

ISN 

0248 

A (14,23)= 

Bl 52)*(B1414/V(24)*2.0*.fl(54)*V(24)) 

OCC08960 

ISN 

0249 .. 

_ A 1 14,25) = 

Bl 52) 

0 <'008970 

ISN 

0250 

FFP 

VI 24 ) /IV I 24) ♦VI 23 ) ) 

00008980 

ISN 

0251 

FFFP 

VI 153)*FFP*( L.O-FFP) 

OCOC8990 

ISN 

0252 

0 513 ... = 

VI 26)*FFFP/12.C*V(82) ) 

0C0P90C0 

ISN 

0253 

AI 15,21)= 

-Bl 56) *11. C-RIll D+B1513/VI23) ) 

OCC09010 

ISN 

0254 

AI 15,23)= 

-B 1 56 )*( l.C+BI 11 l ) *B l 513/ VI 24 ) ) 

* 00009020 

ISN 

0255 

PRF 

I VI 55) /VI 56 ) ) **.5 

: CCC.19C30 

ISN 

0256 

GAMPRF = 

I PRF **(2.0/ 1.4) — PRF** I 2. 4/ 1.4) )**.5 

v 00 CO 9C 40 




TABLE A-l. (Continued) 


LEVEL 2 C NOV 72 > 


EVALAB 


CS/360 FORTRAN H EXTENDED 


DATE 73.264/19. 53. AO 


88 


ISN 0257 
1SN 0250 
ISN 0259 
ISN 0260 
ISN 0261 
ISN 0262 
ISN 0263 
ISN 0264 
ISN 0265 
ISN 0266 


DGAMPR. 
B 1 5 1 5 


At 15 
A ( 15 
A ( 15 
A ( 15 
B1616 
At 16 
At 16 
At Ih 



ISN 

0267 

At I6,i 


ISN 

0268 

At 16, 


ISN 

0269 

At 17 , 


ISN 

G27G 

B1717 


ISN 

0271 

At 17, 


ISM 

0272. .. 

At 17,; 

- <0 ' 
GV 

ISN 

0273 

At 17 , 

C/> 

1 

ISN 

0274 

A( 18, 

M 00 
O t/i 

. ISN 

0275 

At 18, 

H 4 4*- 

ISN 

0276 

At 18, 

1 

ISN 

0277 

At 18, 

K> 

ISN 

0276 ____ 

' ..At 19, 


ISN 

0279 

At 19,, 


ISN 

0283 

At 19,, 


ISN 

0281 

. . A( 19, 


ISN 

0262 

B1915 


ISN 

0283 

A( 19, 


ISN 

0284. 

. At 19, 


ISN 

0285 

At 19, 


ISN 

0286 

At 19, 


ISN 

0287 

A(19, 


ISN 

0288 

At 19, 


.; r v :' 

C SEE T 


ISN 

0289 

: B2C 13 


I SN 

C29C 

At23»; 


ISN 

0291 

At 29, 



C SFF Tl 


ISN 

C292 

B 2 9 1 6 


24) 

25) 
33) 

70) 

26) 

27) 

31) 
6 5) 

71) 
19) 

28) 

29) 
31 > 
17) 
27) 
25 ) 

30) 
17) 
21 ) 
23) 
25) 

32) 

33) 

34) 
41) 
45) 
70) 


21 ) 

23) 


= (2.0*PPF**( .6/l.4)-2.4*PRF**t‘(1.0/1.4))/(2.3*GAMPRF> 0CC09045 
= Vt 26)*DGAMPR*PRF/<2.C*GAMPRF) 0C309950 
= 1.0 0" 0090 60 

= Rt 56 ) *B( 1 11 ) * t V t26 )-H 15 15) / V I 56 ) . OCC09070. 

= B(56)*b(lll»*B15i5/V(55) 0-9009080 
= -B ( 56 )*R t 111) *P ( 112)*Vt26)/( 2.0*Vt 82) ) 00009050 
= B(57)*fi(58)*V(28)/V(56) COC091CO 
=1.0 00009113 
= 2.0*81616 00309120 
= Bt 57) , . ... . . . . . .. ... . ... OCT 391 30 
= -fit 57) - C 3009 140 
= -81616*V(28)/V(96) 0CC09150 
= — B t 59 ) 00**09160 
= 2.0*&(6ll*(V(29)/V(5))**2 00009170 
=1.0 000091 RC 
= Bt 59)*t2.C*Bt60)*Vt29)*BL7l7/V(29) ) . . . . 0CC09150 
= Bt59) . 00C0920 0 
= Bt 63 ) *Bt 107 ) OOC-392 10 
= — B (63) 00 CO 9 2 20 
= — B t 6 3 ) 00009230 
=1.0 00 CO 92 40 

= -B(64) ... .... ... . GC CO 9 2 50 . 

= -B ( 64 ) *Bi 513/V ( 23 I 0CC0926C 
= H(64)*B1513/Vt24) 00009270 
= -B(64)*(V(26»+R1515)/VI56) 00005200 
= V(25)/(2.0*(V(51)-V(55)>) GO, '■'39250 
= i.g .. 09 cc93ro 

= B(64)*(B1919-B1515/V155)) CC CGS31G. 

= B(64)*B(1C8) GO 30 53 20 
= — B ( 64) *B 191 9 0CCC9330 
= -R(64)*V(25)/(2.0*V(95)) ‘ 00509340 
= B(64)*8.(ll2)*V(26)/(2.0*V(82)) 0O™9350 
COMPUTATION OF B1513 FOR DEFINITION OF FFFP *3030-9360 

= V(16)*FFFP/(2.0*V(61)) „ .00309370. 

= -Bt 66)«R2013/Vt23) . n 0CU538Q 
= 0 ( 66 ) *R2D13 / V 1 24 ) 00309390 
COMPUTATION nF 81116. FOP DEFINITION CF FFCP 03 CC94CC 
= Vt 16)*FF0P/(2.C*V(BI) ) 00309410 


RSS-8549-2 
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TABLE A-l. (Continued) 


LEVEL 

21 NOV 72 1 

F VAL Aft CS/360 FORTRAN H EXTENDED 

DATE 73.264/19 

ISN 

0293 

Al 20 ,27 ) = 

-BC 67)*B2016/V(23) 


00 r 09420 

ISN 

0294 

AC 20 »29 J = 

BC 67 ) *R2G16/V( 29 ) 


GCCC9430 

ISN 

0295 

PP.F 

VC 53)/V(55) 


00C09432 

ISN 

0296 

GAMPRF . = 

CPKF»*(2.0/1.4)-PRF**C2..4/1.4) )**.5 

, 

00CC9434 . 

ISN 

C297 

DGAMPR = 

<2.a*PRF**( .6/i.4)-2.4*PRF**( 1.0/1, 4) 

)/(2. 3* GAMPRF) 

00009435 

ISN 

029ft 

B2019 

VC 16 )*nGAMPR*PPF/GAMFRF 


00009440 

ISN 

C 299 

AC 20,331 = 

-CVC 16)-B2C19)/V(55) 


00009450 

ISN 

0300 

AC 20,341 = 

1.0 


00009460 

ISN 

0301 

AC 20 ,39 1 = 

-B 20 19/ VC 53) 


0CC09470 

ISN 

030 2 

AC 20,46) = 

ft( 63)*V( IA)/C2.C*V(BI)) 

. ... 

00^09480 . 

ISN 

030 3 

A ( 2 0 » 7 0 ) = 

V( 16)*(H(h6)*R( 1 12 ) + BC 67 ) *B( 113) )/(2. 

0*V C 8 1 ) ) 

C0C/94P5 

ISN 

0304 

AC 21 , 12 ) = 

-6(69) 


00C09490 

ISN 

0305 

B2121 

2. G*B ( 7f )*(V(27)/V(4) ) **2 


OC0095CO 

ISN 

03C6 

At 21 ,35 ) = 

1.0 


09009510 

ISN 

0307 

At 21 ,36 ) = 

B< 69)* (R2121/VC 27) +2.0*0(71 )*Vt 27) ) 


00099520 

ISN 

030 8 

_A( 2l t 3ft)= 

PC 69) . .. . . 

. .. . r 

00 009530. .... 

ISN 

0 309 

AC 22, 34 ) = 

-BC 72)*R( 109) 


00909540 

’ ISN 

0310 

AC22,36)= 

-BC72) 


CC 0095 50 

ISN 

0311 

A C 22 , 37) = 

1.0 


09 r 09560 

ISN 

0312 

AC 22 ,3ft ) = 

B ( 7 2 1 * V ( 1 5) / V C 5 3 ) 


Onro9570 

; . isn 

0313 

B2223 * 

(210500— 347000* VC 40) )/V(6) 


00 CO 95 80 

1 ISN 

0314 

A( 22 ,39) = 

-B(72)*V( 15)*B2223 - 


00005550 __ 

ISN 

0315 

B2310 

i.O/f VC27J+VC 16) ) 


0t.-CC96C0 

i ISN 

0316 

AC 23 ,16 ) = 

-B231G 


CCC09610 

ISN 

0317 

AC 23,34) = 

B231A*VC40) . . 


00C09620 

ISN 

0318 

AC 23,36) = 

—ft 23 10* ( 1 . 0— V (40 ) 


CO 009630 

ISN 

0319 

A ( 23 , 39 ) = 

1.0 . - 


0- , ' r 09640 

1 SN 

0320 

A(24,5L =_ 

-Bt 74)*VC18)*V(47)*B.43/V C22) : 

f 

CCC0965G 

ISN 

0321 

A( 24,7) = 

— B ( 7 4 ) * V C 18)*VC47)*(3.0-B43)/V(74) 


0OP09660 

ISN 

0 322 

AC 24,33) = 

— B ( 74) *V( 49) *B1919 


CCC0967C 

ISN 

0323 

AC24,4C)= 

1.0 


C^OCSAPO 

ISN 

0324 

At 24,41 ) = 

-A ( 24,33) 


00ro9690 

ISN 

0325 

B2425 

0.B*(V(10)+VC12))/Vtl8) 


O0C997C0 

• ISN 

0326 

AC 24 ,43) = 

— B ( 74 ) *( V ( 47) + B2425 ) 

...... . ... . 

00009 710 __ 

ISN 

0327 

AC 24 , 45 ) = 

= B ( 74) *V( 49 ) *V ( 25 ) / ( 2 .0*V ( 95 ) ) 

• 

00009720 

ISN 

0328 

B2427 

0.002 / C 1 .C+G.C-C2* V (78 ) ) 


00P09730 

ISN 

0329 

C2427 

1 . 0 / < V C 8 5 > - V C 7 8 ) > 


99009740 

ISN 

C33C 

D2427 = 

BC 8 0 ) * ( 1 . 0+ . C G2 * V 1 7 B ) )*V( 18) **0.8 


OC 009 750 




RSS-8549-2 


o 


TABLE A-l. CContinued) 


LEVEL 

2 < NOV 72 

1 EVALA3 CS/36C FORTRAN H EXTENDED 

CATE 73.264/15.53.40 

1 SN 

0331 

AC 24 , 46 } = — B( 74 )*C VC 10 > *C B2427-C2427 ) + VC 12J*H2427-BC 1GH*V< 251 

0OC09760 



1 02427) 

00009770 

ISN 

0332 

AC 24 *48 ) = — B(74)*VC10)*C2427 

oocc5?ec 

_ rsw 

0333 

A C 24 , 50 ) = -BC74)*D2427 

00CC975C 

ISN 

0334 

AC 25*41 )— B I 75 ) 

00009800 

ISN 

0335 

B2525 = BC 75 ) *BI 76) *V( 18 ) /V 1951 

00C09810 

ISN 

0336 

A( 25,42 )= 1.3 

COC09R20 

ISN 

0337 

A C 25 » 4 3 ) = 2.0*82525 

011004830 

ISN 

0338 

A( 25,45)= — B ( 75) *B( 76) *C V( 18 ) /V(95) ) **2 

0GCC964C 

ISN 

0 339 

AI 25*6 7)= -B C 751 . 

. 0C0C985O 

ISN 

0340 

B 2 6 1 5 = B ( 77 ) *B1519 

00 009860 

ISN 

C341 

AC 26,33)= “8 2619 

00009870 

ISN 

0342 

Al 26 ,41 )= B26L9 

00CC98H0 

ISN 

0343 

A( 26 ,43 )= -BI77) 

00009890 

ISN 

0344 

A (26, 44)= 1.0 ; 

OrCCCQTO 

ISN 

0345 

A( 26,45)= fl( 77)*VI25)/I2,0*V195) )„ _ . 

01?099ir. 

ISN 

0346 

AJ 27,41)= -V< 78) /VC 51) 

00 CO 9 9 20 

ISN 

0347 

A( 27,45)= V 1 781 /V! 95) 

0000.5930 

ISN 

0348 

^ AC 27 ,46 )= 1.0 

0'irr)9940 

ISN 

0349 

B2822 = B( 02 ) *VI 8) 

c^ccossc 

ISN 

035G 

AI 28 ,381= -0.8*B2822/VC53) 

00C0596O 

ISN 

0351 

B2823 = 1.0/CVC80)-V(B5)) . 

Of 0^9970 

ISN 

0352 

A ( 28 ,39 ) = B I 82) *V( 8)*I0.9*B2223-VU56)*B2823) 

00 CO 99 60 

ISN 

0 353 

B2825 = BC 82) *V( 10) 

00 0( 9990 

ISN 

0354 

AI 28 ,43 ) = 0. 8 *82825/ VI 18 ) 

OCCICOCO 

ISN 

0355 

A (28, 46 1= B2325* ( B2427-C2427 ) 

00010010 

ISN 

0356 

A ( 2 8 , 4 7 ) = 1.0 - 

C GO IOC 20 

__JSN 

0 357 

,A( 28 ,48 )= B2822*B2823+B2825*C2427.. , . ... 

f)rr moon 

ISM 

0358 

B2925 = BC 83) *V( 12) 

noono40 

ISN 

0359 

A(?9,43»= n.8*B2925/V(18) 

000 IOC 5C 

ISN 

0360 

A ( 29 ,46 ) = B2925*B2427-B(83)*C2427 

00.Ci.1C6C 

ISN 

0361 

A(29,49)= 1.0 

000.100 70 

ISN 

0362 

AC 29 ,50 )= BC 83 ) *02427 

or cic lee 

ISN 

0363 

B3C 3 = B(84)*VC47) . 

C0C1C09O 

ISN 

0 364 

C3*>3 = B303*V( 17) 

oAoioicn 

ISN 

0365 

AC 30,5) = -C333*B43/VC 22) 

0001C200 

ISN 

0366 

A ( 3 D , 7 ) = -C3:3*(3.0-B43)/VC74) 

c: r iC2io 

ISN 

0367 

AC 30 ,51 )= 1.0 

r i (; 220 


RSS-8549-2 


TABLE A-l. (Continued) 


LEVEL 2 ( NOV 72 ) 


EVALAB 


CS/360 FORTRAN H EXTENDED 


DATE 73.264/19.53.40 


ISN 

0368 

B3C3 1 

isn 

0365 

C3031 

ISN 

0370 

A( 30 ,54 ) = 

ISN 

037 1 

83033 

ISN 

0372 

C3033 

ISN 

C 37 3 

03033 

ISN 

0374 

. A (30.57)= 

ISN 

0 375 

l. 

Af 30 .55 )* 

_ ISN 

0376 . 

„ A (30.61)= 

ISN 

0377 

A 1 39. 63 ) = 

ISN 

0378 

A I 31 .52 ) = 

ISN 

C375 

A (-314.53 ) = 

ISN 

03 80 

A (31 ,54) = 

ISN 

0381 

AS 31 ,67 ) = 

ISN 

0382. 

A 1 32 » 54 ) = 

ISM 

0 38 3 

A(32»55)= 

ISN 

0384 

A(32,63)= 

ISN 

0385 _ 

A( 33,52 ) = 

ISN 

0386 

A( 33,56)= 

I SN 

0387 

A( 33,57)- 

ISN 

0388 

8342? 

ISN 

C 389 

A (34, 36) = 

ISN 

0390 

B 3 4 2 3 

, .... ISN 

0391 

... A (34,39) = 

• ISN 

■0392 

83431 

ISN, 

0393 

A( 34 ,54 ) = 

. ISN 

0394 

A (34.571= 

ISN 

0395 

A ( 34 ,58 ) = 

ISN 

0356 

A( 34 ,55 > = 

. . ISN 

0397 

B 3 5 3 3 

ISN 

0358 

A( 35,54 ) = 

ISN 

0399 

AOS, 57) = 

......... ISN 

040" 

. A ( 35,60) = 

ISN 

040 1 

A ( 35 , 61 ) = 

ISN 

0402 

A( 36 , 52 I = 

ISN 

040 3 

B3632 

ISN 

0404 

A( 36,56)= 


B(84)*V<9) 000 1C 230 
B( 34 ) *V( 111 "0010240 
-B303-P.8*(B3031*C3Q3i)/VC17) 00010250 

O.OC2/1 l»>i+0*002*V(77) ) ..... ... CC"IC26C 

1.0/1 V(84)-V(77) ) - CC) "1 02 70 
B(90)*li.f +.002*V(77) )* VI 171**0.8 0"C 10280 
-03031*1 03033-C3C33)-C3C31*B3C33+B( 84)*ID3Q33fB( 102) 0C:iC28C 
*V( 13) ) C0CIC3C0 
-B3C 3 1*C3Q33 CC Cl 03 10 

-01841*03033 .. ._. ... . 3001C32C 

B(B4)*B(1"2)*V(77> CCCIC330 
01851 00010340 

1.0 CC 2 10 3 50 
2. 0*8 1 85 ) *B 186 I *V l 17 | 00010360 
-8185) 00010370 

-8(97) :... . . .... ....... ... 000.103 90 

1.0 • 00010350 
B I a 7 ) C0CIC4OO 

-V1771/V150) 0 r 0ir410 

VI 77 ) / VI 94) 00011:420 

1.0 CGCLD43C 
8i 52) *vi 7) .... ... 

— C .3*834-22/ V 1 53 ) 03Cin45D 
1.071 V180-V184) ) OOC 10460 
-B3422*183423*V(156)-C. 8*82223) OPC1047O 

B ( 92 ) * V 1 5 ) C r r 1 04 80 
0 * 8*8343 l/V ( 17 ) 01010450 
83431*183033-03033) .... ... .. .. CC-CIC500 

1.0 * OC 010510 
83422*83423*83431*03033 000 1C 520 
8(53) *V( 1 1) 00*10530 
0.8*B3533/V( 17) 0CCIC540 
B3533*B3033-B( 53) *03033 00010550 

1.0 ... .. ... ... ........ COO 10 560 

B( 53 ) *03033. CQCIC57C 
-8(54) 00010580 
B( 95 ) *V( 13|**2/V<94) . . 00010590 
-B3632*B(94)/V(94) C0010600 



il 

TABLE A-l. (Continued) 




TO 


cn 


Crt 

1 


1 

00 

M 

cn 

O 

•ts* 

tn 

CO 

| 


to 


LEVEL 

2 1 NOV 72 ) 


EVALAB 0S/360 FORTRAN H EXTENDED 

DATE 73.264/19. 

ISN 

0405 

AI36 

.621 = ^1.0 . 

00010610 . 

ISN 

0406 

A( 3b 

,631= 2.0*R(94)*B3632/V( 13) 

oor. 10620 

ISN 

0407 

A ( 36 

,65)-B(94) 

DO C l 0 6 3C 

ISN 

0408 

A (37 

t2H~ 8(96), : . .. 

, . . .... . CO r 1 0640 - .. 

ISN 

0400 

A( 37 

,2 1 1= 8(961 

00010650 

ISN 

C4I0 

A ! 37 

,631= — B ( 56 ) 

0CCIC660 

ISN 

0411 

A ( 37 

,641= 1.0 

0CC1D67O 

ISN 

0412 

A( 37 

,691= M3 (961 

CCC1C6PC 

ISN 

0413 

A (33 

,51 = -B(971*B( 1101 

CCCIC690 

ISN 

0414 

_A( 30 

,43)-- B( 97) 

o:no7io 

ISN 

0415 

A (33 

,541= B ( 9 7 1 

00C1C720 

ISN 

0416 

A(33 

, 6 6 | — 1.0 

CSC 10730 

ISN 

0417 

A ( 38 

,69)= B( 97 ) 

00010735 

ISN 

0410 

A ( 39 

,65 1 - B ( 9 8 ) 

CPC 10740 

ISN 

0419 

A(39 

,671= — B ( 98 ) 

CO Cl 0750 

ISN 

0420 

B3939 = 2.0*B(98>*B(99)*(.V(33I/V( 111**2 

.. .. OC C1C760 ._. 

ISN 

0421 

A (39 

,68)- 1.0 

00010770 

ISN 

0422 

A (39 

,691= B3939/V(33) 

occi07eo 

ISN 

0423 

A ( 40 

,711= VI 79 ) / V ( 96 ) 

00C 10790 

ISN 

0424 

A (40 

,65 )- -V ( 79 1 /V( 52 ) 

CCCICRCC 

ISN 

0*25 

A ( 4 0 

,70= 1.0 

CiC Cl DP 10 

ISN 

0426 

B4132 = V(96)/(V<131+B(i05)*y(94)*V(331> 

... ... C r ClOB2C .. . 

ISN 

0427 

A <41 

,561= MI 4132*V( 13 1 /V (94 1 

C001C330 

ISN 

042e 

B4136 = V ( 96)/(V(33l*V(l3J 1 

CDC1CR4C 

. ISN 

0424 • 

A ( 4 1 

,631= — B4 136+B4132 

0QC1C35C 

ISN 

04 30 

A ( 4 1 

,691= -B4l36fB< IC-5) *B4132*V<94) 

0^ 01 0860 

ISN 

04 31 

A( 41 

,71) = l.C 

-. CHC LC862 

...ISN 

0432 

. A ( 4 2 

,8) = -B ( 1 1 5 1 .... _. 

0CCIC863 

ISN 

0433 

A ( 42 

,72)= 1.0 

n 0 C ! 0 8 6 8 

ISN 

0434 

A ( 42 

,75)= B ( 115) 

COO If. 3 69 

I SN 

0435 

A ( 43 

,111=8(116) 

CC ''IL87C 

ISN 

0436 

A ( 43 

,121= B ( 1C6)*B( 116) 

00^10871 

ISN 

0437 

A( 43 

,161= B ( 116) 

00010372 

ISN 

043R 

. A ( 43 

,36)= fi( 116) __ . 

.. . 09C1C873 . . 

1 SN 

04 39 

A ( 43 

,741= 1.0 

0G01D874 

ISN 

0440 

A( 43 

,731= “0(1161 

CO01C875 


..... . . C. - 

Kf3L I 

DETERMINES WHICH ONE CF SEVEN INPUT PARAMETERS 

IS USED. COCIC300 


C PUT 

ZERO 

IN A-MATRIX INPUT COLUMN 76 FOR MULTIPLE INPUT 

RUNS O n 010882 
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TABLE A-l. (Continued) 


LEVEL 2 t" NOV 72 T ’ EVALAR " CS/36b FORTRAN H EXTFNOEO 


CATE 73. 264/19.53*40 


I SN 0441 1C DO 110 J=i,43 „ 

ISN 0442 ICC A! J , 76 )=C .0 

I SN 0443 GO TO ! 1 1 » 12 , 13 . 14, 15 , 16 , 17) ,KCL I 

ISN 0444 11. A (1» 76) = SCALE — ! 

ISN 0445 GO TO 18 

ISN 0446 12 A ( 5 * 7 6 I = SCALE 

ISN 0447 GO TO 18 

ISN 0448 13 AI 3 » 76 J = 2.0*B( 21) *B( 22 )*V (157 » *V (22) ♦*2/V 13) **3*SCALE 

ISN 0449 GO TO 18 

ISN 0450 14 A(2l,76)= B( 69) *B2121*VC 160 ) /V ( 4 ) *$CALE __ .... 

ISN 0451 GO TO 18 

ISN 0452 15 A( 14,7 6) = B ( 52 I *B 14 14 *V I 1 58 ) / V ( 2 1 * SC ALE 

ISN 0453 V GO TO 18 

ISN 0454 16 A( 17,76)= 2.C*B( 59 ) *Bl717*V ( 159 ) /VI 5) +SCALE 

ISN 0455 GO TO 18 

ISN 0456 . _ 17 A ( 39,76 >= B3939* V ( 1 61 ) / V ( 1 ) * SC A l E . 

C 

C PRINT INPUT COLUMN. PRINT MATRIX A IF INFLAG ISN'T TUO. 

C 

ISN C457 18 WRITE(6,19> KOL I , ( A (I ,76 ) , 1 = 1 , 43 ) 

ISN C45 8 19 FORMAT! 'CINPUT COLUMN VECTOR FOR INPUT NUMBER • , 1 3/ ( 1PICE11. 3 ) ) 

ISN 0459 WRITFC6 ,29 ) ( I DV ( J ) , J = 1 , 76 ) 

ISN 0460 20 FORMAT! 'CCOLUMN I DENT I F I CAT I CN VECTOR'/!' *,4012)) 

ISN 0461 I F I INFLAG. 60. 123) GO TC 28 

ISN 0463 _ WRITF(6,2l> 

ISN C464 21 FORMAT! •'“MATRIX OF COEFFICIENTS') 

ISN 0465 00 24 1=1,43 

ISN C466 ______ 24 WR I TE (6,26) I , ( A ( I , J ) , J= 1 , 7 5 ) 

ISN 0467 26 FORMAT! • • EQUATION' , 13/ ( IP10E1I .3) ) 


oooioae 4 

Cv00icae6 

000LC89C 

COCIC9CO 

00010910 
CCO 1G920 
00C1C930 
0CIHC940 
09C10953 

00010960 

00010970 

cuciC9eo 

O0P1C990 

c<::moo 

00011910 
00 CUC 20 
0001 1030 
GOO 1 1040 
00011050 
CCO 1 1060 
CCC1 1070 
0001 1080 
00011090 
CCC1 UCO 
00011110 
00C1 1 120 
COni 1150 
C0C1U6C .... 
OC Cl 1 1 70 


ISN 0460 27 FORMAT! 'CA/A(CCV) = * IPE11.3, • A / A ( FP V ) = • E 1 1 . 3 , • A/A! MFV ) = • El 1.3, C0C11130 

1* A / A ( MDV ) = ' E L L .3 , ' A/A ( C FV ) = • E 1 1 . 3/ ' C* ='Ell.3,» CQ(TC4) ='00011150 

2F11.3,' DQ!TC5) ='F11.3,' DQCW14) ='Eil.3,' DQ(W15) ='611.3/ 00011200 

3* nO(W24) =' , E 1 l . 3 , * DC( W25 ) =',EL1.3,' CW(4) =',Ell.3, 00011210 

4* DR(M = ' , E 1 1. 3 , ' DW(CN) =',Ell.3/' CW(FI) =',Ell.3, . 00011230 

‘ ‘ 5* DW ( F N ) = • , E 1 1 .3 , • PW(MC) =',E11.3,' CW(Ol) =',Ell.3, 00C11240 

6* DRUIS) = ' » F 1 1 • 3/ * DWCCCV) = ',EU.3,« CWIFC2) =',F1L.3, 0CCU250 

7* DR(FPF) =',E11.3,* DW(FPC) =',E11.3,' CW(FU) =',611.3/ 00C11260 

8* D W ( F T 2 ) ='*Ell,3»* DMMOV) -',111.3,' CW(OPF) =',611.3, 0nril27C 



TABLE A-l. (Continued) 


t , 



o 

--4 


TO 

Vi 

Vi 

I 

00 

Vi 

■t* 

to 

tvj 


LEVEL 

2 1 

NOV 72 ) 

EVALAB 

0S/360 FORTRAN 

H EXTENOEQ 

CATE 73.264/19 

.. . 


9* 

DWI0P0) = ' *E11.3, * 

0W( 0P3 ) ='» Ell.3/ ' 

CW(OTi) = 

' , E11.3, 

00011280 



A ' 

f ) W « 0 T 2 1 = ' #E1L.3» • 

DWI FNBP 1- '.El 1.3,' 

CWIFPOI ) = 

• ,611.3, 

COOl 1290 



R * 

DWIOPOI )=• (Ell. 3/ * 

OWI OTPR )=* ,611.3, • 

EIFPO) = 

Ell.3, 

CO Cl 1 3C0 



C' 

EIOP0) ='«Ell.3« * 

EiOT2S) ~* .fill .3, 1 

F I TO 

• ,611.3/ 

. . . GO 01 1310 . 



0* 

FTLS =' pEU.3i ' 

FT2S =', Ell.3,' 

gif n 

* , E 1 1 . 3 , 

CCC1 1320 



E' 

r,F2 = ' ,E 11.-3, * 

G ( 0 1 1 = • , El l« 3/ ' 

Ginz) 

' ,611.3, 

00011330 



... .. ..... F* 

HI 3) . = ' , Ell.3, • 

HI 4) =',E11.3,' 

H I 4 ) = 

• .Ell.3, 

COOl 1340 



G' 

PI4) = ' .E11.3/ ' 

PI 5) =* .Ell.3, • 

P<91 

' ,611.3, 

GC Cl 13 50 



H' 

P( C 1 = ', El 1.3,< 

PICIESI = ' , E 1 1 «. 3 , ' 

P I F I ) 

• ,EIL.3/ 

COOl 1 360 



I* 

PIFP). „ =.' » E 1 1 . 3 , ' 

P(FS) . =',Eli.3»' 

P 1 0 1 1 . = 

••Ell.3, 

00311370. 



J • 

PI GP ) = • ,611.3, * 

PIGS) =• ,611.3) 



00911380 

ISN 

0469 

29 FORMAT I • PIQT ) = ', 

lPEll.3,' PIFD1) = 

• ,E11.3, • 

PIFD2) = 

', Ell.3, 00C1139O 



1' 

PIODl J =' .£11.3, • 

PI0D2) =',E11.3/' 

FI0D3) = 

• ,611.3, 

03CU40C 



2' 

PIPDS) *' *El 1.3, ' 

PIFPCI ) =',611.3,' 

P(MFVD) = 

' ,E11.3, 

00011410 



3* 

PIOPOI) = * , E 1 1 . 3 / ' 

RIFP) =',F11.3, » 

R 1 G P ') 

• , Ell.3, 

00 Cl 1420 



4 * 

SIF1I E 1 1 • 3 , ' 

SCF2) =• ,€11.3, • 

SI01) = 

• ,E11.3/ _ 

_ ...... 0CC1 1430 — 



5* 

SI 02') = • ,El 1.3, • 

T ( 4 ) = ' #E11 .3 , • 

ns) 

'•Ell.3, 

COOl 1440 



6' 

T<9) =' » E 1 1. 3 

TIC) =', Ell.3/' 

TIFI) 

'.Ell.3, 

00911450 



r* 

TIFP) =',E11.3,' 

T I DP ) =',£11.3,' 

T41I4) = 

• , El 1.3, 

Of. 01 1460 



8* 

TWU5I = • *E1 1.3/ ' 

TW2I4) =',611.3,' 

TW215) = 

', Ell.3, 

CC01147C 



9* 

WIOI) = ' , E 1 1 . 3 . • 

WIFPOI) =', Ell.3, * 

winPQi » = 

*,£11.3/ 

• 00 Cl 1480 



A* 

ETAI FT1)=* ,F11.3, • 

ETA I FT2 )= ' , Ell.3, ' 

ETAIGT2 > = 

• , El 1.3, 

CCC1145Q 

- 


0' 

RHO ( 4 ) = ' » El l. 3 » * 

RHO I 5 ) = * , E 1 1 . 3/ ' 

RHO I 9 ) = 

• , Ell.3, 

C001150P 



C* 

tlP(FPl) ='*611.3, • 

UPIFP2) =', Ell.3,'* 

UP I FT l ) = 

' , E l L . 3 , 

00011510 



D* 

UPIFT2) =' , El l .3/ • 

UP(CPl) =', Ell.3, • 

UPI0P2) = 

',611.3, 

OOC 1 1520 . 



£ ' 

UP I UP 3 ) -'.Ell. 3, * 

UP(CTl) =', Fll.3, • 

UP HIT?) = 

• ,611.3/ 

0CC1 1530 



F' 

PM I ( F P 1 ) = ' , E 1 1 • 3 « • 

PHUFP2 )=• , Ell.3, • 

PHI (OPl ) = 

'♦Ell.3, 

00 Cl 1540 



G' 

PHl(GP2)=', Ell.3, * 

PH II 0P3 ) = ' » El 1 . 3 / ' 

PH HOT 1 ) = 

.',611.3, 

; C n Cll 550. . 



H' 

GMIEOI.) = ' »Ell.3»* 

GMI PFP1 )= ' , Ell .3, ' 

GMITFPl )= 

•■•Ell.3, 

OCC1156Q 



I • 

GM( TFT 1 1 , Ell .3 / ' 

GP(PFP2)=* , E 1 1 . 3 , * 

GMI T FP2 ) = 

• , Ell.3, 

r.0011579 



J' 

GMI TFT2 )=' .Ell.3,* 

GNIPCP1 )=»,Ell.3, • 

GMITOPI ) = 

' , El 1.3) 

oocii5eo 

ISN 

0470 

30 FORMAT ( • GMI T0T1)=* , 

1PE11.3, ' GN l ROT 1 ) = 

• , Ell.3, ' • 

GMI POP2 ) = 

' , Ell. 3,03011590 



1* 

GMITQP?> = ' ,E11.3, ' 

GMTCP3)=',£11.3/' 

G W (PCP3 ) = 

•fEll.3, 

CoC l 16C3 



:. 2 * 

GMIT0T2I-* .Ell.3, ' 

GM(FPV) =',611.3, • 

GMIQPV) = 

' , E 1 1 . 3 , 

OCC 11610 



3* 

GM(MOV) =',611.3/' 

GMIPFV) = ' , E 1 l .3, ' 

GM I CCV ) = 

' , Ell.3/ 

CCC1162C 



4' 

PARTIAL DERIVATIVES'/' GM I PFP l ) /PH I I F PI ) ='E11.3, 

CGC11630 



5 * 

G. v ( TFP1 ) /PHI (FP1 ) 

= '611.3 , ’ GM C TFT1 ) /ET AT FT l ) 

=• Ell. 

3/ C "'Cl 164C 
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f ; 

I 


TABLE A-l . (Concluded) 


LEVEL 2 ( NOV 72 ) 

EVALAB 

CS/360 

FORTRAN H EXTENDED 


DATE 73.264/19.53.40 

.7* 

G.Ml TFP2) /PHI ( FP2) 

= ' El 1 .3/ * 

GM(TFT2)/ETA(FT2> 

=• Ell.3* 

00011660 

8* 

GR!ITFT2)/PIFI>/P(FP) = 'E11.3, • 

GR I PUP 1 ) /PH I (0P1 » 

= • E 11.3/ 

COn 1670 

5» 

GMITOTII/PHUOTI) 

= * El 1 .3 » ' 

GRiTCPl ) /PHI (0P1 ) 

='611.3, 

00C1 1660 

A* 

GM( R0T1 ) /PHI! CT1 ) 

=•611.3/' 

GRCPCP2I/PHII0P2) .. 

='611.3, 

.... C0C1169C . 

8* 

GM( T0P21 /PHI ( CP2 ) 

= ' El 1 .3, • 

G R { TUF3 I/PHT (0P3) 

= • E l 1 .3/ 

Gr.Cll70C 

t; C' 

GMI T0T2) /ETAC CT2) 

= •611.3, • 

GR(T0T2)/P(F Il/PIOP) 

='611.3, 

CPC 1 1710 

O' 

GM( POP3 ) /PHI ( CP3 ) 

= ' El 1 . 3/ • 

GR( T )/F I CPI 

=' Ell.3, 

00011720 

E' 

GM( PR J /'PC F I I /PI OP I 

= * 61 1 .3 , ' 

GR(T1/FICP) 

='611.3/ 

00C1173G 

i>:^ . ' •' ' F* 

gmi p)/p( fi j/pcfpi 

= ' El 1 .3 , • 

GR ( PR)/P(C)/PCFI ) 

= ' E 1 1. 3, 

CCn L740 

G • 

GM1TR1/FITC) 

=•611.3/' 

GPCMFVI/X/X{MFV) 

='611.3, 

__ Q0C11750 

H* 

GM C F P V ) / X / X ( F P V ) 

= • El 1 . 3 * • 

GN(GPV)/X/X(OPV» 

=•611.3/ 

00011760 

^ I.-' 

GMC MOV ) /X/X 1 PCV ) 

= 'F11 .3, • 

GRCCCVI/X/XCCCV) 

='611.3/ 

03011770 

J* 

DW10S1) = *, 611.3,* 

PI OSD = ' 

Ell. 3) 


00C117E0 


■ u . V . ... ... .' w , » VI -* A. * »..W ~ • 

ISN 0471 INFLAG = 123 CCC1183C 

. ISN 0472 28 RETURN 00011840 

„ I SN C 473 32 CALL EXIT .... . - - . CCC11145 .. 

ISN 0474 STOP CCC11B47 

ISN 0475 J END 00011850 



APPENDIX B 


DESCRIPTION OF THE SSME ENGINE FREQUENCY RESPONSE PROGRAM 
INTRODUCTION 

The SSME Frequency Response Program is based on a production routine developed by 
Rocketdyne for the purpose of providing frequency analysis of a system of linear 
equations containing nth order derivations and constant coefficients. The program 
has the capacity of handling 50 equations with 100 coefficients each, and produces 
tabulated values and graphic plots of the gain and phase as a function of log fre- 
quency for specified variables with respect to the input variable. The frequency 
range is under input control, and can be spread or clustered as required. 

METHOD 

The basic assumption is made that a linear system may be presented with only one 
input , Y, 


■Y 

which may be written as: 

[a ijS 2 * by, «■ c.j] • Ixjl = [a lS 2 * b t s * Cj] -Y ; 

•n o 

NOTE: The form [a..s^ + b..s + c..] • [x.] = [a.s^ + b. s + c. ] *Y 

1J 1J 1J j x 11 

is simply an arrangement of all equations so that only the 
independent variable (Y) and its derivations appear on the 
right-hand side of the equation; the arrangement may be per- 
formed on any linear system of equations. 
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■a u s ♦ b n s ♦ c n c ln s . b ln s . c lr ; 


2 2 
a .s + t ,s + c ...... .a s + b s + c 

. n ! n i nl nn nn tin 


r x. 




a^s + bjS + c^ 


.as + b s + c 

U n n n 


(For simplicity, the Laplace operator, S = d/dt, of higher than second order, is 
not shown, although higher orders are allowed in the program. 

If the Laplace operator is defined as S = jw, where j = /T and id is the frequency, 
the coefficient matrix may be rearranged to provide a real matrix and an imaginary 
matrix: 

{[- a ij“ 2 * c iJ * j “ [ b ij]}- h] {[-°r + c i] * j “ [ b i]}‘ v 


Values specified for frequency (id) are then inserted [as requested by input cards] 
and the system is solved by a complex Gaussian elimination subroutine (COGAEL) . 

The solutions for specified dependent variables at all required frequencies are 
the output of the program. The output contains (1) the values of all dependent 
variables at the lowest of the input frequencies (magnitude and phase), (2) values 
of specified dependent variables at each input frequency (db and phase), and (3) 
graphic plots of db and phase versus log frequency for the specified variables. 


It should be noted that the values of the independent variables are normalized to 
a unit value of the input variable. That is if the frequency response of pump 
discharge flowrate (units of lb/sec) is determined with pump suction pressure as 
an input (lb/in. ) , the units of the variation in flow will be "x" lb/sec per 
psi. In this case, the term "db" is taken to be 20 log(x) where x is the peak- 
to-peak value of the output divided by the peak-to-peak value of the input with 
units as stated in the nomenclature list. 

language - 

The program is written in the FORTRAN IV computer language. Graphical output is 
based on the Rockwell International S-C 4020 Simulation Routines which utilize a 
Stromberg-Data graphics S-C 4020 output device. 
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Reference to these routines may be found in Engineers' Computing Manual, Volume 
II, Section 225, System 360/FORTRAN, published by Rockwell International. 

Listings of the frequency response program and subroutines COGAEL (the complex 
Gaussian elimination program) and TDPLOT (a plotting subroutine which interfaces 
with the S-C 4020) are included in this appendix (Table B-l through B-3) . 

The coefficients for the frequency response program are dependent on the values 
used in the engine balance. An additional subroutine computes these values and 
is discussed in Appendix A. 

Insertion of Data 

The data input cards and their formats are presented in Fig. B-l. The format is 
self explanatory. The values required in namelist "V" are obtained from engine 
balance information. A set of values for the current 109 percent engine balance 
is shown in Table 2. 

Restrictions of the Frequency Response Program 
The following are the program restrictions: 

1. The program using logarithmic frequency spacing will generate up to 8 
decades plus 3 frequencies or a maximum of 60 frequencies. 

2. The total numbef of frequencies input as spare frequencies plus those 
implied by the initial-final frequency range values cannot exceed 60. 
Zero is an illegal value for frequency. 

3. A maximum of 50 equations and 100 columns (including the input column) 
can be solved with the present dimension statements. To ensure econom- 
ical as well as accurate evaluation of the equation sets it is necessary 
to minimize the number of equations. (In this SSME engine evaluation, 

95 equations were reduced to 43 by eliminating variables which were 
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algebraic and/or would not be measurable quantities in the engine test 
program. By algebraic elimination of these variables, the system effects 
remain, but the cost and accuracy of solution is improved.) 

4, The data sheets must be filled out exactly as shown for the example 
shown in Fig. B-l. Numbers which are written with no decimal point 
are being read into an "I" format. These numbers must be positioned 
exactly as shown in the sample problem. Numbers which do contain a 
decimal point are being read in with an "12.0" format. These numbers 
can be positioned anywhere on the line in which they are written, pro- 
vided a decimal point is supplied. 
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ORIGINAL PAGE IS 113 

OF POOR QUALM 


TABLE B-l . FREQUENCY RESPONSE ROUTINE 


LEVEL 2 f NOV 72 i 


CS/360 FORTRAN F EXTENDED 


OATE 73.264/17.53.01 


REQUESTED OPTjqNS: MAP t DEC K , U ST , XREF ,DPT=2 . 

OPTIONS IN EFFECT: NAM FI MAIN) CPTIMIZEI2) L INECGUNTI40) SIZE(MAX) AUTOCBL ( NONE ) 

SOURCE EBCDIC CIST. DECK OBJECT RAF .NCFCRMAT COSTMT XREF ALC NOANSF NQTEPM1NAL . FLAGII) 


ISN 0002 


FREQUENCY RESPONSE RC.UTINF 

DIMENSION O'M (60) » OMSCPS ( 60 ) , W ( 60 » » 


11(3), 

D( 100) , 
GAIN (60) 


CMS (60) , 
Jl ( 3 ) , 

XM AG ( 50 ) , 
FAZE (61) , 


10(230), 

C7(3), 

N0( 5 ) ) , 
VARR(5C), 


PH AN (50, 60) ,0ECfi(5D,6C) 


ISN 0003 
ISN 0004 
ISN 0035 

JSNJ3.CC6_ 


irx coo? 

ISN OOOfl. 


corcccan 

00000040 
00000045 
00 COCO 50 
C0C00C6C 
COCO 03 70 

nc^occsc 

CCCCC1CC 


1 CP(5C,102) ,LXI( 3) , 

2 C(5C,2C0), TITLE (IB), 

3 _ .... XREAL(50) , XI.KAG<50), 

4 VAR I (50) , I DF ( IB), 

COMMON I CRT, C, 10 /EVAL/ TITLE: 

DELTA! Ct OlFL) =1.0 -ABS ( CCO 1FL ) / AM AX1 ( ABS( QOO LFL ) , . 14b336774E-38 ) 

UNI T( QOQ 2F L ) =0.5 * SIGN( C . 5 , OELT A ( 0002 FL ) + Q002FL*( l. Q-OELTA( 00066-701 10 
1C2FL ) ) ) C0C0CL2C 

THETA! Qt 03FL , Q004F L ) = ( 180 . 0*1 1 ,CHJM T ( Q003FL ) * ( 1 .0-Z.'^UN I T ( QGCAFCDCOC 120 
1L ) ) )+ SIGN ( 1.0 ,Gr03FL*QCG4FL)* ATAN ( ( ( ABS(Q004Ft )*( 1 .0-Dl-L TAI 000300200 140 
2FL ) ) ) >/(ABS(Q0C3FL>+DELTA(G r 03FL)))*(.-l80. 0/3. 1415731 ) * ( L . 1-DELTA 0 3 COO 1 50 
3( 07J3FL ) )+ 180 .C*DELTA ( Q003FL ) * ( l »f— DELT A ( Cf-04 FL ) )♦( .5 +UN IT ( -CCC4C0C CC 160 


ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
I SN 
ISN 
ISN 
ISN 
ISN 
ISN 


0007 
0010 
00 1 1 
0012 

0013 

0014 

0015 

0016 
0017 
CC 18 
6017 
002 1 
0C23 

0024 

0025 


STORAGE SPACE 

KK = 1, 50 


. 4FL ) ) 

' 1 READ (5,2) TITLE 

2 FORMAT) 18A4) ... 

f " IS NECESSARY TC ZERO MATRIX 
1C! DO 2 CO 4 

DO 2301 LL=l,l02 

2001 CP( KK,LL)=0.0 
DO 21C2 LL=1 , 2C0 

2002 C(KK,LL)=7.0 

DO 2PC4 LL-1 , 60 

PHAN (KK , LL )=0 .0 
2004 DECB ( KK * LL ) =0 .0 

READ (5, 12C )NW ,NR . I CRT ,KEC,TR IG , I RPS , CMI , CMFL 
12C FORMAT ( 1 1 2 , 1 1 2 , 13 , 1 7 , F? . 0 , 1 10 , 2 F 1 2 . 0 1 

IF( NW .EQ. 0 ) GO TO L218 . 

I Ft NW .LE. 60 ) GC TO 1216 

W R I T F ( 6 , 1 2 2 ) 

122 FORMAT ( 1H— , 'NUMBER OF SHUFFLED IN FREQUENCIES 
CO TO 7 


EXCEEDS 60*) 


DOCOOL70 
CCCO r l PC 

co co ri sc 

CCCCC2CG 
C0CCC21C 
CC r CC22C 
Q r C0C23C 
Of CR6 25C 
06000260. 
ccrcr3io 
0000 *3 20 
C 0 6 " C 3 3 C 
OCCOC34C 
r C C0C350 
COOC 0360 
00CCC37C 
00 CCC3 80 
Cnmc37C 
CCCCC4CC 
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TABLE B-l. (Continued) 

» * . 

LEVEL 2 I NOV 72 ) MAIN CS/360 FORTRAN H EXTENDER DATE 72. 264/19. 53,01 


ISN 0026 1216 READ (5, 121) IWII), !=1»NW) 

!SN 0027 121 FORMAT (6F12.0 ) ■ . 

ISN CC28 1218 ! F ( NR .IE. 200 ) GC TO 1220 

ISN 0030 ... WRITE (6, 123) ... 

ISN 0031 123 FORMAT ( 3CH-NUM8ER OF COLUMNS EXCEEDS 200) 

ISN 0032 GO TO 9 

ISN 0033 1220 CALL EVALAB 

ISN 0034 IFINSKIP.EQ.1234) GO TO 60 

ISN QC36 1 F( KEG .LE. 50 ) GO TO 1222 

ISN 0038 WRITE (6, 124) . ... . - 

ISN C039 124 FORMAT! 5X, 'NUMBER OF EQUATIONS EXCEEDS 50') 

ISN OC AO GO TC 9 

ISN 0041 1222 IF ( OMI ) 1666, 3, 1675 

ISN 0042 3 WRITE (6,115) 

ISN 0043 115 FORMAT! • INITIAL FREQUENCY IS ZERO') 

ISN QOAA ... . GU TO 9 . .. . - 

ISN 0045 1666 DM I = AB S (DM I ) 

ISN CC46 1667 OM(i)=OMI 

. ISN C047 . J=2 

ISN 0CA8 1668 OMI J)=2.C*CM( J-l) 

ISN CC49 IF ( OM ( J ) .GE. OMFL ) GO TO 1670 

• ISN CO 5 1 J = J+l ... ... . 

ISN C052 GO TO 1668 

ISN 0053 1670 CM( J ) -OMFL 

ISN 0054 ... . - NOM= J ... ... . . ... . ... 

ISN 0055 GO TO 17 

ISN 0056 1675 J=l 

ISN 0057 ....... .N=9. — ...... 

ISN 0058 M=— 1 

ISN 0059 T=-l.O 

ISN 0060 R=0. I . 

ISN 0061 4 IF! OMI ,GE. R ) GO TO 8 

ISN 0063 M = M - 1 

. ISN 006 4 R=R/L0.0 . ... 

ISN 0065 GO TO 4 

ISN 0066 8 K=l 

C NEW CARD— INITIALIZATION OF L 

ISN 0067 L=0 


QC500A10 

COCCG420 

0r.?O043C 

CCC03AAQ 

C0CCCA50 
CGCCC460 
CCCr' , A7C 
0OC0C48C 
COCQOASO 
C0CCC5CC„ „ 
CCC0G5 10 
00000520 
GO 000 530 

qc-":t5a o 

C0C905A5 
000005 50 . ... 

0CC00560 
00000575 
CO 000 5 80 
CCCCC59C 
CPC0C6C0 
00C0C61C ....... 

00000620 
0003C630 
00000640 
C0CCC450 
CO 00 06 60 

COCOC675 

00CGC68G 
c.r CCC690 
CO C CO 7 CO 
QCCCC72C 
CDC00730 

C0CC < '740 

00000750 
0 000 0760 
C000077 0 
CCC5C780 



TABLE B-l. (Continued) 


LEVEL 

ISN 

ISN 

JSN 

2 I 

0068 

0069 

.0070. 

NOV 72 » 
12 

23 

MAIN CS/360 FORTRAN 

0M( J»=UN!Tm*t U2.0**LI *3.0*10.0**M)/2. 
l*M 

IF! T >24,24 ,23 
L-Lt 1 

H EXTENDED DATE 73.264719 

0)*UNIT!-T)*<2.0**L >*10.000000790 

C0CCC6C0 

ccccceic 

. 0QC0G92C .. 

0nrcC83C 
00CQC840 
fl0CCC85O 
C0-“CC860 
COCO 0870 

0OCCC88O . 

ISN 

ISN 

ISN 

ISN 

ISN 

.ISN 

0071 

0072 

0073 

0074 
0C75 

0076 

0077 
.0078 

0079 

0C8C 

0081 

0082 

24 

27 

25 

IFIL-3J26* 27,25 

I FI T ) 26 ,26 ,25 ........ 

L=C 

T--L.0 
M-M+1 1 

ISN 
ISN 
... ISN 
ISN 
ISN 
„ ISN 

26 

11 

13 

GO T0( 1 1 * L6) * K 
I F C ON ( 1 )— OMI ) 12,15,13 

CM( 2 )=0M ( l ) . ... . .... 

CM ( 1 )=0M I 

J=3 

K-?_ 

C00CC89C 
C0CCC9CC 
0Q00C9 10 
0000C92C 
DOCC0930 

Q0C03S4G .. 

ISN 

0083 


GO TO 12 

CCC00950 

ISN 

0084 

15 

0M( 1 ) = 0M l 

CCCfC960 

... ISN 

0085 



K=2 . ......... 

C00CC97G 

ISN 

0086 

16 

J=J*1 

CGCOC960 

ISN 

0087 


IF10M! J-1I-0MFLI 12, 18,18 

• C0CCC990 

... JSN 

0088 

18 

DM! J-I >=QMFL„... . _ . . . 

_ ..ococicoo .. 

ISN 

0089 


NOM= J— 1 

CCCC1C10 

ISN 

0090 

17 

J=1 

0000 1020 

..... ISN 

0091 


.IFINWI28,28,29 ... 

...... 0CC01C30 

ISN 

0092 

28 

QMS! J ) =CM J) 

CO “C 1040 

ISN 

0093 


IFdJMS! JI-CMFL >30,32, 32 

0CCC1050 

_tSN 

.0094 

3C 

J=J*1 

. r7.cr If Art 

ISN 

C095 


IF! J-60 128,28,45 

crooi070 

ISN 

0096 

29 

N=0 

oocueec 

ISN 

C097 


1 = 1 

CC001090 

ISN 

CO 9 8 

35 

K-J + N 

occcnco 

ISN 

0099 


IF! ON! J )-W( I ) ) 20 ,34,34 

OOOOllIO 

_ ISN 

oioo. 

20 

IF! .J-NOM ) 33. 33 . 34 

C-C cell 20 

ISN 

C 10 l 

33 

QMS! K) = 0R1 J) 

enoemo 

ISN 

01C2 


J=J*1 , 

coroii40 

ISN 

0103 


GO TO 35 .... ._ ; _ 

... OCCCllfC 

ISN 

0104 

34 

OMS! K ) =U ( I ) . 

cocciuc 
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TABLE B-l . (Continued) 


LEVEL 2 l~NOV ~MA IN " ' “CS/360 FORTRAN H EXTENDED CATE 73.264/19.53.01 


ISN 0105 N=N+1 

ISN 0106 1 F ( t-Nh)36, 37,37 

ISN 0107 37 1F( J-NOM )3 1 , 31 , 3€0 - 

JSN 010 *'. , • 3i;.,W( 1 1 sOMFL. „ . ... 

ISN 0109 GO TC 38 

ISN CllO 36 I=H-1 

ISN Clll IF! J-NOM ) 38*38*35 . . 

ISN 0112 30 IF(0MS(K)-DMFL)35,32,32 

ISN 0113 380 CMFL=CMS(K) 

ISN Cl 14 IFTK-6C ) 32 ,32,45 

I SN 0115 A 5 ViRITF f 6*117) 

ISN 0116 117 FORMA T ( 37H 1THE NUMBER CF FREQUENCIES EXCEEDS 60) 

ISN 0117 GO TO 9 

ISN 0110 32 J=1 

ISN 0119 431 IF { IRPS)432,432,43 

ISN 0120 432 rMFLC = CMFL 

ISN 0121 OMFL = 2.' , *3.14l5927*CMFL 

ISN 0122 43 IFUKPS129, 39,40 

ISN C 1 23‘ 39 OMSCPSt J)=OMS( Jl 

ISN 0124 " OHSt J) = 2.C*3,14l5927t=0MSCPSIJ) 

ISN 0125 * GQ TO 41 

ISN 0126 40 OMSCPSIJ) = OMS( J 1/(2.0*3,1415527 .... 

ISN 0127 41 IF|0MS( Jl-CMFL) 42,6C,60 

ISN 0128 42 J=J*l 

ISN 0129 GO TO 43 . . 

ISN C 130 6C IW= 1 

ISN 0131 KE J=KEQ* 1 

ISN 0132. _75 . DO 662 J = l,K.EC - - 

ISN C133 IJ=J4KEQ 

ISN 0134 LS=0 

ISN 0135 _ LK=0 

ISN 0136 LF=C 

ISN 0137 DO 32C 1*1, NR 

ISN 013 8 _ 1FILKI7, 62.61Q ___ - - ... 

ISN 0139 62 IF I KEG-LF) 64,64,65 

ISN 0140 65 LF=LF+1 

ISN. 0141 IM=KEQ*LF 

ISN 01*2 67 IR= I +LS 


COCO l l 70 

ooc^iiec 

00CG1190 

. OF CC12CC. . 

rCCD1210 
COCO 122C 
9^001230 
0CCC1240 
00CC125C 

... . 0OF0126O 

0CC0127C 

c:rci20c 

eCCC 1250 

0CCU3CC 

COCO 13 10 

OCCO 1320 ... ... 

GCCC 1330 

00CG134C 

00CC1350 

OOf.C 1 360 

oc-rr-1370 

OCCC130O 

G0CG1350 

OCfni4CO 

0CCC1410 

enrci560 

CC CO 1 550 

C0CC1750 

COCCI 76C 
00rC177C 

ccrni780 
OOCO 1750 

ccccieco 

... OC CO 1 8 10 

ce f*cie 20 

CO 0010 30 
OOCC184Q 
OOCO l « 50 
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TABLE B-l. (Continued) 


LEVEL 

2 i 

NOV 72 » 

~ MAIN C S/3 60 FORTRAN H EXTENOEO 

DATE 73.264/19.53.01 

1 SN 

0143 


I F < IQI IR) >69,68,69 

00 OQ 18 60 

ISN 

0144 

• 68 

LS=LS*1 

COOC1870 

(SN 

0145 


GO TO 67 

00CC188O 

ISN 

0146 

69 

1 1 = IR- l 

C0C01890 

ISN 

CIA7 


LK=LS 

or.ro 1900 

ISN 

0148 


CREAL=O.C 

oc re mo 

ISN 

ISN 

0149 
C 150 

..... . 

CIMAG=O.C . ... .... ...... 

R=1.C 

COCC1920 

00001930 

ISN 

0 1 51 


S=0.0 

00 CC 1940 

ISN 

0152 


L S = L S + l _ _ .... 

„ . .C0CC195C 

ISN 

0153 

55 

CREAL=CREAL ♦ P*Cf J, IR 1* ICMS ( I W l**Sl 

OOCO 1960 

ISN 

0154 


LS-LS-i 

co cr 19 70 

_ ..ISN 

0 155 


IFILSJ7, 57.56 .... . . 

OCrc 1980 

ISN 

0156 

56 

Cl MAG=C I MAG*R*C ( J»l I ) * IQRS ( I W) **IS+1.0 ) ) 

06CC 1590 

ISN 

0157 


S=S+2.0 

00CC2CC0 

ISN 015R 


R=I— 1-0 1 *R . . 

. ... C3CC2C 10 .. 

ISN 

0159 

: : » 

IR=IR-2 

00002020 

ISN 

0160 


11=11-2 

GCCC2030 

. ISN 

0161 


LS=LS-1 .... .... 

or CC 2040 

(SN 

0162 


IFILSJ7, 57,55 

00CC2O5O 

I SN 

C 163 

57 

CPI J ,LF )=CRE AL 

OC 0020 60 

I SN 

0164 


CPI J.IM)=C!MAG 

„ 00 CO 2C 70 

ISN 

0165 


GO TD 61 

00CC2C80 

ISN 

0166 

64 

IR=I*LS 

0CCC2050 

I SN 

0167 

...... 

IF (I CUR 1170, 71,70 ... 

00002100 

ISN 

0168 

71 

LS=LS+1 

00CC211O 

. ISN 

0169 


GO TO 64 

«. OCCG2120 

ISN 

ISN 

0170 

70 

I I = !R-l ......... 

.... 00CC2130 

0171 


LK = L S 

00002140 

ISN 

0172 


0REAL=0 .0 

C0CC21 50 

ISN 

0173 


DIMAG=O.C . 

OOCO 2160 

ISN 

0174 


R=i.O 

0OC0217O 

ISN 

€175 

\y- ; 

S=O.C 

OOCC21 80 

ISN 

0176, 


1 S=L S+l 

00002190 . 

ISN 

0177 

772 

ORfcAL=DREAL+R*C I J » I R ) * I OPS 1 1 W) **S ) 

00 CO 22 CO 

ISN 

0178 


LS=LS-1 

0 r 'CC22l0 

ISN 

C 179 


1=1 + 1 

0" "02220 

ISN 

0180 


IF(LS)7,63,773 

COCO 2230 
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TABLE B-l, (Continued) 


LEVEL 2 < NOV 72 ) 


MAIN 


CS/36C FORTRAN H EXTENDED 


ISN 

ISN 

ISN 

ISN 

ISN 

ISN 

ISN 

ISN 

ISN 

.ISN 

ISN 

ISN 

ISN 

ISN 

ISN 

.ISN 

ISN 

ISN 

ISN 

ISN 

ISN 

ISN 

ISN 


oiai 
C 182 
0183 
0 IRA 

0185 

0186 
0187 
01PB 
0189 
C 190.. 
C 19 1 
0192 
C 193 
019* 
C 19 5 
C196 
C 197 
C 1 98 
0199 
C20Q 
0 2CI 
0202 
0203 


773 


63 


7 

116 

6 1 C 
fcl 
-32C 
662 

303 



DIMAG=DIMAG+R*C( J,Il)*(OMSUW)**(S*1.0) > 

S= S* 2 • 0 
R=(-l.O)*R 

l K = I R-2 ' . 

11=11-2 

LS=LS-1 

IF ( 15)7,63,77? 

D( J ) =DRE AL 
DI 1 .1 1 =01 MAG 

GO TC 61 . .. __ _ ... . 

WRITE (6,116) 

FORMAT ( 2 AM LS HAS A NEGATIVE VALUE! 

GO TO 9 
LK=LK- 1 
CONTINUE 

CONTINUE L .._ ..... 

CONTINUE . 

IF I I W— 1 ) 30 3 * 303 » 30 5 

WRITE 16,323) 

HO 3PA I =1 ,KEC 
I J=I*K6Q 

WRITE (6,321) (|OU),DI I J) ,(CPI 1,J) ,CPII , J+KEQ) , J = 1,KE0) 

CONTINUE 

ADD O-VECTOR TC CP-MATRIX, SHIFT CCLUMNS OF IMAG CP BY I 
PEAL D INTO COL. KEQ*1. IMAG 0 INTO COL. 2KEQ*2. 

DO 2C2 L_ = .l.KEC . 

IN = 2*KE0 *1-1 
INPl = IN + l 
no 202 J = l.KEC 
CPU, INPl) = CPU, IN) 

CONTINUE 

IN - KEQ ♦. 1 . 

INN = 2*KEQ * 2 
00 203 J = l.KEC 
CPU, IN) = l)U) 

JN. = J + KEO 


DATE 73. 26A/19. 53.0l 


0C0022A0 
00002250 
COCO 22 60 
OOPC2270 
00 CO 2 2 80 
no CO 2 2 90 
C9C023C0 
ccr.c23n 
00CG2320 
Cr»f02330 
0 0 C 0 2 3 A n 
or. CO 23 50 
Of. CC 23 60 
00C02370 
Of (“02 3 80 
0CCC23S0 . 
nnon2Ano 


0“ CO 2 7 1C 
OOC0272O 
00002730 
CO C C 27 AO 

. .; ... . or «; '2750 

00002759 
00032760 
TO RIGHT. C0C02761 
000u2762 
v 00C32763 
00C0277C 
C0C02775 
0CC0278Q 
OOCO 27 PS 
00 r O27S0 
0OCC2795 

„ C0C023Q0 

C.or 0 28C5 
03002810 
00 r 0 2B 15 
C0CC2820 


****'■ . 


TABLE B-l . (Continued) 


LEVEL 2 I NOV 72 I 


)TaTn~ 


CS/360 FORTRAN H EXTENDED 


DATE 73.264/19.53.01 


ISN 0215 
1SN 0216 


ISN 0217 


0218 

0210 

0220 

0221 

0222 

. 0223 . 

0224 

0225. 

0226 

0227 

0228 
C229 

0230 

0231 

0232 

0233 

0234 
0235. 

0236 

0237 
C238 
0239 
C24C 

„024L_ 


ISN 0242 


KN = K ♦ KEQ ♦ 1 C0C929C5 

SUMR = SIMR + CP(JJ,K)*XREALCK> - CP ( J J, KN)*XIMAG(K » <K.?r>29lO 

SUM I . f SUM I + CPJ JJ,KNJ*XREAUK1 ..+ CP(JJ»K)*XINAG(K) . .. . 09PC2915 

206 CONTINUE 0C0P2920 

XREAL(JJ) . = CF(JJ,NP1) - SUMR CrCC2925 

_XIMAGUJ I ,=, CP( JJ»NNPU_-. SUf?I 0CCC2930. 

XMAGIJJI •= SQRTIXPEALUJ)**2 «- X IMAG I J J ) **2 ) 03C02935 

205 FAZE ( J J ) = THETAI XREALl J J) *X I M AG I J J ) ) OPC02940 

IF. | Iw - 1 ) 82,62,93 CCCP2945 

82 CONTINUF 0PCC2950 

WRITE C6,52)0MSm,(I,XMAGm,FAZEm,I = i,KEQI OP C. (.2 960 

52_FORMAT 1 67H 1 _____ ... ... .VARIABLE _NA6NITU0ES._US.ING.. ft FRECCCC2970 

10UENCY OF 1 P E 1 4 . 6., 5 H RPS./ IHO R4H VARIABL0CCC298n 


...CPIJ, INN) = DIJN) . 00302625 

203 CONTINUE GCC02R30 

00002835 

CALL COGAEL TG TR| ANGULAR I ZE...T.H1. CTHPLEX .MATRl X. BY .. GAUSS ELIMIN. 00 302836 

00902837 

CALL CGGAELtCP ,KEQ) C rt CC2840 

. 00002845 

BACK SUBSTITUTE TO DETERMINE REAL AND IMAGINARY PART OF VARIABLES, 07002046 
THEN DETERMINE MAGNITUDE AND PHASE. 00002847 

,, _ ;; . „ „„ ..... . .. . ... 00002848. 

NpT=*KEC ♦ i ” ’""i “ CCC92855 

NNP1 = 2+NP1 OC r '7206O 

XREAUKEC) = CPIKFQ.NPl) ... ... . 00002865 

XIMAGIKEC) = CPI KEO.NNPl) 00CC2370 

XMAGIKEU) = SQRT ( XREAL I KEC ) **2 ♦ XIMAG(KEQ)**2I 00002871 

fA.ZEI KEQ )=_. THETA ( XRE All KEQ)., KJf'A.GJKEQ.ll 00 DC 28 72.. 

DO 275 J = 2.KEC ’ 0rC02875 

JJ = KEQ - J + 1 CCC02880 

JJP1 = JJ ♦ 1 .... .. . 00002885 

SUMR = 0.0 00002897 

SUMI = 0.0 090x72895 

DO 206 K = JJP1.KE Q ... OfrC29CC_ 

KN = K ♦ KEQ ♦ 1 C0C929C5 

SUMR = SIMR + CP(JJ,K)*XREALCK> - CP < J J, KN)*XIMAG(K > <K.?r>29lO 

SUMI f SUM I +. CPUJ,KN)*XREAL(K) + CP( J J ,K )*X IMAGI K ) . .. . P9PC2915 

00092920 
Or CC 29 2 5 

0CCC2930. 

J ) **2 ) 03C02935 

O0C02940 
CCCP2945 
COfC 2950 

1 = 1, KEQ) OP C(. 2 9 60 


2E NUMBER 
17 , IP2E30 .6 ) ) 

IF! TRIG) 770,770,771 


MAGNITUDE 


PHASE /(IHO 


1 200002990 
oroc30CC 
Crr03<H0 


RSS-8549-2 


TABLE B-l . (Continued) 


LEVEL 2 ( NOV 72 » 


MAIN 


GS/360 FORTRAN H EXTENDED 


DATE 73. 264/19. 53.01 


ISN 

ISN 


0243 

0244 


770 WRITE (6,1001) 00003050 

IDCl FDRMAT(7C HI THESE ARE INTERMEDIATE RESULTS PRCDUCEC AFTER EACH KAP0003060 
ITRIX INVERSION. /53H0INPUT FREQUENCY IN RADIANS/SECOND ANC CYCLES/S0uCn3G70 
2 ECONO • / 59IIQ V ARI ABLE , G A I M C8 ) , PH AS E ( DEGREES 1 V AR l ABLE , E0 r CC 30 PC 


ISN 

0245 

323 

F0RMATI37H1INITIAL VALUES CF COEFFICIENT MATRIX) 

QOC031C0 

ISN 

0246 

321 

FORMAT ( / /9H EQUATION, I3,5X, SHIN PUT ,lP2E17,3/(iPlJEll«3) ) 

OC 0031 ID 

ISN 

0247 

771 

IV® t 

00093130 

ISN 

C 248 


J=l 

r.rrr.3l4C 

ISN 

C 249 


no 78 1 = 1, NR„ _ . ... * 

C0C0315C 

ISN 

0250 


I FC ID ( I) )79,80,8i 

COCO 31 60 

ISN 

0251 

79 

IV=IV+l 

CO CO 3 170 

ISN 

0252 

.. ... 80 

GO TO 78 ...... , .. . .. 

CCC03180 

ISN 

0253 

81 

N0< J >= I V 

CCC03190 

ISN 

C 254 

: j 

IV=IV+l 

DC CC3200 

ISN 

025 5 


,1=1+ 1 . . 

0CCC3210 

ISN 

0256 

78 

CONTINUE 

COC* 3220 

ISN 

0257 


NOPRT=J- 1 

COCO 3230 

ISN 

0258 

83 

DO RA K = 1,N0PRT .. . - . 

CCC03240 

ISN 

0259 


JX=NO ( K ) 

0QCC325C 

ISN 

0 260 


VARRIK) = XREALIJX) 

00963330 

ISN 

0261 


VARIIK) = X I MAG ( JX » - . 

C r CC3340 

ISN 

C262 

B4 

CONTINUF 

0CC033 50 

ISN 

C263 

e6 

DO 87 1=1, NOPRT 

CO CO 33 60 

ISN 

C264 

90 

PHAN ( I » I W ) =THETA ( VARR ( 1 1 ,VARI ( I)) 

OC CC 34 20 

ISN 

C265 

96 

DECBC I,IW)=20.O*AL0Gl0(AMAXl ( 1 .OE-30, SQRT(VARR II )**2+VARI(I 1**2 II ICO0C3510 

ISN 

0266 

87 

CO NT IN HE 

CCCG3515 

..ISN 

0267 _ 


IF(TRlG)56G,9CC,9fcl ....... 

COCO 352C 

ISN 

0268 

960 

WRITE (6»I3nO)CMS(IW) , CMSC P S II W > , ( NO ( NOW ) , DECB ( NOW , I W ) , PH AN ( NOW , 

IWCCOC 35 30 



1) ,NOW=t,NOPRT) 

00003540 

ISN 

C 269 

lore 

FORM AT ( / / F2U • 4 ,F2C. • 5/ / ( 1 4 , F8 .2 »F7 . 1 * 1 4 , F8, 2 , F7 • 1 , 1 4 , F8 • 2 , F 7 . 1 , 14 

,FC0'.C3550 




IB.2,F7.1,I4,F8.2,F7.1)> 

CD CC 3560 

ISN 

C27C 

9fc 1 

1F10MSI IW)—0MFL)R5, 95,95 

CP r C357C 

ISN 

0271 _ 

85 

I W= I W+l • 

0°CC3580 

ISN 

0272 


GO TO 75 

CCCC3590 

ISN 

0273 

95 

CONTINUE 

C0°u3600 

ISN 

0274 

53 

FORMAT ( 2 1H1 FREQUENCY 5C13H VARIABLE 12, 3H I/21HC 

CO m3 6 10 




IRPS CPS 5(L8H- DECIBELS PHASE )/) 

00003620 
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TABLE B-l. (Continued) 


?. ■ 
l 

I 


LEVEL 2 ( NOV 72 ) MAIN CS/360 FORTRAN H FXTENOFO CATE 73. 264/19.53.01 


ISN 0275 54. FORMAT! 1P2E10.2.512H / 0P2F8.2)) 

ISN 0276 NZ=5 

ISN 0277 NY=1 

ISN 0278 NX=NOPRT _ 

ISN 0279 97 IF( NX) If 0, 100,98 

ISN 028C 98 WRITE (6,53) (NCI I) , I=NY,NZ) 

ISN 0281 DO 99 J=l, IW . . ■„ 

ISN 0282 WRITE (6,54) ( CH S( J ) , OMSCPS ( J ) ,( CECB (K, J ) , PHAN I K , J ) , K*NY » NZ ) ) 

ISN C283 99 CONTINUE ^ ' " — 

ISN 0284 NY=NY»5 _ . 

ISN 0265 NZ=NZ+5 

ISN 0286 NX=MX— 5 - ■— ~ 

ISN 0287 GO TO 97 

ISN 0238 ICO I W2= I W+2 

ISN 0289 DO 400 J=l,N0FRT 

.JSN 9 290 00 .102 K=1,.IW2 . 

ISN 0291 GAIN(K)=DECR(J»K) 

ISN G292 FAZE ( K ) = PH AN ( J ,K ) 

ISN 0293 ... 102 CONTINUE 

ISN 0294 IF ( IRPS) 104, 104,103 

ISN 0295 • 1C3 L=l 

ISN 0296 _ _ CALL TOP LO T ( OR S ,GA I N , I W , CM I , CMFL ,L 1 . „ . 

ISN 0297 CALL PRINTVi -21 ,21H GAIN IN CECIBELS , 400, 470) 

ISN 0298 CALL PRINTVI -21 ,21H FREQUENCY IN R AD I ANS ,4C0 ,005) 

ISN 0299 L=2 

ISN 030C CALL TO PLOT ( QMS »F AZF » IW , CMI , CMFL ,L ) 

ISN C 30 1 CALL PR I NTV( -21 ,21H PHASE IN DEGREES ,400,995) 

ISN C 30 2 GO TO 1C 5 4 . - - . . - 

ISN 0303 104 L -1 

ISN 0304 CALL TOP LOT ( OMSCPS ,GA I N , IW , CM I , CMFLC ,L ) 

ISN C305 CALL PRINTVI -21 ,21H GAIN IN DECIBELS , 400, 470) 

ISN 0306 CALL PRINTVI -21 ,21H FREQUENCY IN CPS ,400,005) 

ISN 0307 L=2 

ISN 030 8 CALL TOPLOTI OR SCPS , FAZE , I W ; CM , CMEI C , L ) . ... 

ISN 0309 CALL PRI NTV(-2l,21H PHASE IN DEGREES ,400,995) 

ISN 0310 105 CALL PR I NTVI ^21 ,2f H VARIABLE NUMBER ,400,1010) 

ISN 0311 J . . PNO=NO ( J ) 

ISN C 3 12 CALL LARLV (PNC, 560,1010,4,2,3) 


COD 03 630 

00001640 

00003655 

C0393660 .... 

OJrr 367C 

OC00368C 

0G0C36SC 

orro37oo 

COCO 3710 

C0C0372C . _ 

rrm3730 

00063740 

0CCO3750 

00003757 

CCCC3760 

00003770 

00CC378O 

0CC037SG 

00003800 

00 DC 3 8 10 

00003815 

CCCD3H20 

00003830 

OOCC3B40 

00(03845 

00 003850 

00003870 

0OCU388O 

00003885 

01603850 

09003900 

00003910 

GO C 339 15 

0^003920 . 

C0003930 

0O0C354C 

corn 3942 

CCC03944 
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TABLE B-l. (Concluded) 


LEVEL 2 ( NOV 

72 I MAIN 

0 S / 3 60 FOR TRAN H "EXTENDED 


CATE 73.264/19.53.01 

I SN 0313 

400 CONTINUF ... . .. 



90C03959 

I SN 0314 

NSKIP = 1234 



OOCOAOIO 

ISN 0315 

. GO TO 1220 



0CC04020 

1 SN 0316 

9 CALL EXIT 



.. •0GCC4G30 

ISN 0317 

STOP 



OOC04C40 

ISN 031P 

END 



00004050 
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TABLE B-2. SUBROUTINE COGAEL 

LEVEL 2 < NOV 72 ) OS/360 FORTRAN H EXTENOED DATE 73. 269/09. OC. 11 

REQUESTED OPTIONS: MAP, DECK, L 1ST, XREF ,0PT=2 

OPTIONS IN EFFECT: NAMEJMAIN) OPT I MI ZE ( 2) L I N6CCUNT (90 ) SIZEIMAX) AUTOOBLI NONE » 

SGURCE EBCDIC LIST DECK OBJECT RAP NCFORMAT GOSTMT XREF ALC NQANSF NOTERMINAL FLAG! 1 1 


ISN 0002 
ISN 0003 


ISN C009 
ISN 0005 
ISN 0006 


ISN 0007 


ISN 0008 
ISN 0009 
ISN 0010 
ISN coil 
- . ISN 0012 : ... 
ISN 0013 
ISN 0019 
ISN 0015 . — 
ISN 0017 
ISN 0018 
ISN 0019 


ISN 0020 
ISN 0021 
ISN 0022 


SUBRCLT INF CCGAEL1A.N1 
DIMENSION AC 50,102) 

c : • 

C GAUSSIAN ELIMINATION OF COMPLEX MATRIX. 


c . 


— 


NMl = N - 1 



NP1 = N ♦ 1 


c 

ll ~ 10.0E-30 



C J IS THE COLUMN BEING ELIMINATED BELOW THE DIAGONAL. 

C : j. ■ ' - ... 

DO 500 J = 1, N 

C 

C FIND MAXIMUM AMPLITUDE IN COLUMN AND BELOW THE DIAGONAL. 

c 

JMAX = J 

JJ = J ♦ NP1 .... .... .......... . . : ..... . 

CMAX = A I J , J ) **2 + AU,JJ)**2 
JPI * J +1 

I FI J - N ) ... 100, 195, 120 

100 DO 110 K = JPI ,_N 

CCC = A I K» J ) **2 ♦ A ( K, JJ ) **2 

„ IF! CCC .LE.CMAX ) . - . . GO TO 110 ■— - 

JMAX = K 
CMAX = CCC 
110 CUNTINUE 
C 

C INTERCHANGE ROWS IF REQUIRED TO OBTAIN MAXIMUM PIVOTAL ELEMENT 

C- - - -■ ... - 


cocao mo 

COC00200 

COC003CC 

cnror^r.c 

CDC00500 

cncooftro 

CO CCC 700 

cncoodcc 

COCCC9C0 
CTKCICCO 
COCCI 100 
COC012C0 
COOT13CO 
COCO 1900 

coca i5ca 
COCO lfcCC 
COQ017G0 
COCClrtOO 
cnccmoc 
C0CC195C 
coca 2 aco 

CO CC 2 ICO 
CG0022C3 
C0CC23C0 
CUCO 29f"0 
CPCC25C3 
COCC26CO 
COCC27CC 
CnCC2BCC 


IF! J - JMAX ) 130, 19 5, 120 

12C WRITE(6,5> J, JMAX 

5 FORMAT! • l ERROR IN SUBROUTINE ** CCGAEL ** • / ICX, • J 
t RESPECTIVE, *21 12) 


COCO 29 00 
COCO 3 >C0 
AND JMAX EQUAL, CaC^aiCO 
CCC032CC 
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TABLE B-2. (Continued) 


LEVEL 2 ( NOV 72 ) COGAEL OS/360 FORTRAN H EXTENDED DATE 73. 264/09. 00,~ II 


ISN 0023 CALL EXIT * COC0330P 

ISN 0024 . 130 DO 140 K = J, NP1 C0CC34C0 

ISN 0025 KN = K + NP1 COCC35CO 

ISN 0026 .... HOLD = A! J,K) ..... _ ... . . CO2G3fcC0 . 

ISN 0027 A!J,K) = A ( JMAX , K ) COOQ37CO 

ISN 0028 A(JMAX,K) = HCLD COOC38QQ 

ISN 0C29 HOLD = AIJ.KN) CGC039C0 

ISN 0030 MJiKM = AIJNAX,KN) COC04PC0 

ISN 0031 140 A!JMAX,KN) = HCLD COOC41CO 

V- . ...C - — . . .. .. . .... ... C0CC43G0 ... 

C DIVIDE PIVOT RCt, BY PIVOT ELEMENT. PIVOT ELEMENT BECOMES 1.0. COCP44PO 

C C0CC45CC 

ISN 0032 . ... 145 DO 160 K = JP1, NPl CCC047C3 

ISN 0033 KN = K + NPl CUCP4800 

ISN 0034 IF! ABSIAIJtJ)) .GT. II I GOTO 150 COCC4900 

_ISN 0036 I F ( ABSCAIJ.JJ) j.-.GT.ZZ ) .. GO TO . -150 CCCC5CC0 

ISN 0038 DUMl = A ! J , J ) CC005100 

ISN 0039 DUM2 = A(J,JJ) CO CO 5 200 

. ISN 0040 - . _ . . IrlRITE! 6, 10 ) DUMl,DUM2 COCC53CO 

ISN 0041 10 FORMAT! '1 MATRIX IS SINGULAR. EXIT FROM COGAEL. THE PIVOT ELEMENTSC0CC54PC 

1 ARE,' 1P2E13.6) — - CP005500 

..ISN 0042 .. CALL EXIT .. CUC056CQ . 

ISN 0043 150 REALA = ( A l J , K ) *A! J , J ) ♦ A ( J,KN ) *A ( J , J J )) / CMAX C00057CQ 

ISN 0044 VIMAG = ( A ( J , KN ) *A ( J, J ) - A! J,K)*AC J, JJ) J/CMAX COC05800 

ISN 0045 . ... A ( J , K ) = REALA COCC59CO 

ISN 0046 160 A!J,KN) = VIMAG C0C06OCC 

C COO 36200 

LC-- ELIMINATE ELEMENTS BELOW.-O I AGONAL_THE . ELEMENTS ELIMINATED ARE NCTCDC063C0 - 

C THEMSELVES CALCULATED. CnCC64CG 

C COCG65GO 

ISN 0047 IF! J - N ) 170, 600, 12C C0006550 

ISN 0048 170 JPl = J + 1 CC0066C0 

ISN 0049 DO 500 I - JPl, N CPC06700 

ISN 0050 00 500 K. * JPl, NPL . . . .. .. CP 30 6 SCO 

ISN 0051 KN * K 4 NPl • C0CC69CG 

ISM 0052 REALA = A|I,K) - A! J, K) *A| I , J) ♦ A ( J, KN J *A 1 1 , JJ ) C0CQ70CC 

ISN 0053 VIMAG = A!I,KN) - A! J , KN) *Al I, J1 - All , J J ) *A 1 J, K I C0C07100 

ISN 0054 A(I,KI = REALA CQC07ZC0 




TABLE B-2. (Concluded) 


Level 2 c nov 7 2 » cogael os/36o fortran h extended 

ISN 0055 500 AUtKN) = VI MAG 

ISN 0056 60C RETURN 

ISN 0057 END 


DATE 73.26A/C0.00.11 

COCO7300 

C0C075C0 

COC07600 




126 


TABLE B-3. SUBROUTINE TDPLOT 


LEVEL 2 I NOV 72 ) CS/360 FORTRAN N- EXTENDED DATE 73«264/_09.00.21 

REQUESTED OPTIONS: MAP#OECKtLIST,XREF t OPT=2 

OPTIONS IN EFFECT: NAME! MA IN I CPTIMIZE12) L I NECCliNT I AC ) SIZEIMAX) AUTQDBLI NONE I 

SOURCE EBCDIC LIST DFCK OBJECT PAP NOFORMAT GQS7MT XREF ALC NOANSF NOTERMINAL FLAG! I ) - 


i 

N 


ISN 0002 
ISN 0CC3 
ISN G004 
ISN 0C05 
ISN 0006 
ISN 0C07 
ISN 0008 
ISN 0C09 
ISN 0010 
ISN 0011 
ISN CO 12 
ISN 00 13 
ISN 00 1 A 
I SN 00 15 
ISN 0016 
ISN 0^17 
ISN 0018 
ISN 0019 
ISN 0020 
ISN OC 21 
ISN 0C22 
ISN 0023 
ISN 00 2 A . 
ISN 0025 
ISN 0026 
ISN 0028 
ISN 0030 
ISN C032 
ISN 003A 
ISN 0035 
ISN C036 
ISN 0037 
ISN 0C38 


SUBRCLTINF TDPLOT (U«Y«NFPtTL,XP,LL I 
DIMENSION WI6C),Y<6C) 

' - COMMON ICRT 
YMAX=V(2) 

YM I N=Y ( 2 ) - “ . . 

DCUOC J = 3 »NFP 
ymax=amaxk YMAX,Y( J » > 

YMIN=AM I Nl l YM l N , V I J 1 1 
ICO CONTINUE 

DY = AINT< 2.0+1 YMAX-YMINJ/IO.O) 

- YT=DY*AINT( I .5 + YPAX/DY) 

YR=C Y*A INTI YM I N/DY-1. 5) 

IFI W 12 I/TL-10. II 21 1.201,5 
5 XL.= W I 2 1 - - - ■ 

1=1 

GO TO 200 

2CI YMAX=AMAX1( YMAX,Y(1) I - . . . .. 

YMIN=AMINMYMIN,YU) ) 

XL=TL 

1-2 

2C0 CONTINUE 
K=0 

1C L=L+l 

IFI L.GT.9IGQ TO 30 

IFI 1C.0**K/XL,LE.UC.AND.10.C**K/XL.GT.5„.1)G0 TO 20 
IFI IC.C**K/XL.GT.1.01K=K-1 
IFI IC.0**K/XL.LE.0.I1K=K+1 
- GO TO 10 
20 XL” LC ,0* 

3C K=0 

IF ILL- 1 ) 31,31,60 
3L CALL CAMP A VI 9 1 ! 


0O0CA66C 
CCCCA67C 
00 CU A b 80 
00.004650 
CCCCA70C 
or. CCA 7 10 “ 
00 00 A 720 
00 CO A 7 30 
0rP^^,7AC 
00 OCA 7 50 
03004760 ■ 
or- or. 4 7 70 
0003 A 780 
000 3 A 790 
CCCCA8C0 
CC00A81O 
0CCCA820 
CCrCA83r 
0C00/.84C 
oo.:ca8 5c 

0^004860 

•00004370 

or oca 8 ec 

0QP0A890 
00CCA9CC 
CC OCA 9 10 
00004920 
OG CCA 9 30 
0C0CA9A0 
OOCOA95C 
CC-004560 
CC 0 0 A 9 6 5 

orr^-AOTc 


( - 

******* ' 
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G 


TABLE B-3. (Concluded) 


LEVEL 2 ( NOV 7 2 1 TDPLOT OS/360 FORTRAN H EXTENOEO DATE 73.264/09.00.21 

ISN 0039 
ISN OCA 1 
ISN 0042 
ISN 0043 „ 

ISN 0044 
ISN 0045 
ISN 0046 
ISN 0047 
ISN 0048 
ISN 0049 
ISN 0C50 
ISN 0051 
ISN 0052 
ISN 0053 
ISN 0054 
ISN GC5 5 : J 
ISN 0056 
ISN 0057 
ISN 0058 


IF( ICRT+l ■ LE .0 )CAl. L C AMR AVI 35 ) 

IFCLL-1 I 50,50,60 

CALL SETMIVI4C, 10 ,24,560) 

GO TC 61 .. . 

CALL SET PI V( 40,10,500, 7C) 

CALL SMXYVl l ,C ) 

CALL GRIDlV(LL,XL,XR,YB,YT,1.0,DY,l,l,-l,-l, -2, -31 
GO T0( 181,182) ,1 

CALL A PLOT V{ NFP-l , WI2 ) , Y (2 ) , 1 , 1 , 1,44, I ERR ) 

GO TO 40 ,j . . . 

CALL APLCTV<NFP,M1),Y{ 17,1, 1,1,44. TERR) 

K=K + 1 

GO TO < 180,180, 18C, 190) ,K 

IF(LL-l) 191,151,192 

CALL LABLV(YCl) ,6CC,470, 6, 2, 3) 

GO TO 19 3 . . ... .. . ... ; 

CALL LABLV(Yll) ,600,995 ,6,2,3) 

RETURN 

END . : i . ... 




10 DIGIT DECIMAL DATA 




NW - NUMBER OF SPARE FREQUENCIES 


NR - NUMBER OF COLUMNS 


KEQ - NUMBER OF EQUATIONS 


TRIG > 1 MINIMIZES PRINTOUT, IRPS 'radians 


OMI - INITIAL FREQUENCY 


OMFL - FINAL FREQUENCY 


FREQUENCIES OTHER THAN INDICATED BY VALUES 


BY OMI, OMFL. 


LOG SPACING GIVES 1.0, 1.5, 2, 3, 4, 6, 8, 10. 


OVER FREQUENCY RANGE 


OCTAVE SPACING GIVES, 0MI, 2 X 0MI, 4 X 0MI... 


CARD MAY BE OMITTED OR MORE THAN ONE CARD MAY 


QUTRED . 


INPUT BALANCE VALUES EXPRESSED AS A VECTOR 


USING "NAMELIST" FORMAT *■ 


$VNOM REQUIRED AT START OF NAMELIST. 



at Card Format and Description 
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FORTRAN FIXED 10 DIGIT DECIMAL DATA 


NUMBER 


FORMAT DESCRIPTION 


ip# S 



V ( 1 o ) = X 

‘ ■ ‘ I I ‘ 

x. . . x. x. , . . . .. 


XXX 



IDENTIFICATION 



IDENTIFICATION 73 


I D V ( 2 6 ) = 0 , - 

_ 1 « t A I » i * « A 

1 , ... , ' I D V ( N R 

_i i i i | 7.1 1 — 

) , K 0 , L 1=2 . 

—a l ■ _l — | — t , l i i I ■ 

& E N D 


DESCRIPTION 

CONTINUATION CARDS FOR ENGINE BALANCE VALUES 



I.D. VECTOR CODE SHOWING WHICH COLUMNS REPRESEN 


DERIVATIVES (0) , AND WHICH VARIABLES NEED (+1 ) 


OR NEED NOT (-1) BE INCLUDED IN OUTPUT LISTS 


NAME-LIST FORMAT USED. 


CONTINUATION CARDS FOR ID VECTOR. "K0LI =2 " 
INDICATES INDEPENDENT VARIABLE (2) IS USED AS 
AN INPUT. 

#END - STATEMENT REQUIRED AT END OF NAMELIST 


IDENTIFICATION 73 | . . 

& V N .0 M * K 0 L I = 

_ -A -» > < 1 1 i > i i - ■ 

1 , & E N D , 

* 9 f . r:-. ■ ■ — --1-; 


CARD TYPE REQUIRED FOR ADDITIONAL FREQUENCY 
RESPONSE RUN USING INPUT (1) . 

FOR SINGLE RUNS THIS CARD IS NOT REQUIRED 


IDENTIFICATION 


1 0 I BO 


Figure B-l. (Concluded) 









APPENDIX C 


ENGINE BALANCE INFORMATION 

Engine balance information for a 6.0 mixture ratio is presented. These data are 
copies of the following tables from DVS-SSME-101, Design Verification Specifica- 
tion, Space Shuttle Main Engine, Volume II, 


DVS Table No. 

Power Level, percent 

IX 

109 

XII 

100 

XVII 

75 

XXII 

60 

XXVII 

50 


RSS-8549-2 


TABLE IX 


R.CCK C TGYNE SSMF. 
ENGINE VARIABLFS - 


(109%) EPL 6.0 


SYSTFM OXIOI2FR FUEL 


THRUST 

(LB) 

512299. 



MIXTURE RATIO - 0/F 


6.00C0 



SPECIFIC IMPULSE 

(SEC) 

957.37 i 



ATMOSPHERIC PRFSSURE 

(PSIA) 

0.0 ; 



PROPELLENT FLOWRATE 

(LB/SfC) 

1123.28 

962.81 

160.97 

PPCPELLENT INLET TEMPERATURE 

(DEG. R> 


169.00 

37.00 

PROPELLENT INLFT PRFSSURE 

(PSIA) 


100.00 

30.00 

PROPELLENT INLET DENSITY 

( LB/FT3 ) 


70.99 

9.91 

PRFSSUR IZ ATION FLOWRATE 

l LB/SEC ) 


2.91 

0.77 

PRESSURI2ATICN PRESSURE 

(PSIA) 


3566.03 

3825.89 

PRESSURIZATION TEMPERATURE 

(DEG. R) 


891.26 

527.29 

OVERBOARD LICUIO FLOWRATE 

(LB/SEC ) 


0.13 

0.0 

OVERBOARD GAS FLCWRATE 

(LB/SEC) 

0.19 



TH»UST CHAMBER variables 





THRUST 

(LB) 

512299. 



MIXTURE RATIO - C/F 


6.0175 



SPECIFIC IMPULSE 

(IB/SEC) 

957.51 



TOTAL FLCWRATE 

(LE/SEC) 

1119.77 

960.20 

159.5? 

IGNITER FLCWRATE 

(LB/SEC) 

1.79 

0.72 

1.02 

NOZZLE STAGNATION PRFSSURE 

(PSIA ) 

3236.67 


: j ■ . 

INJECTOR END PRESSURE t STATIC ) 

(PSIA) 

3219.30 



THRUST COEFFICIENT 


1.9166 



CHARACTERISTIC VELOCITY 

(FT/SEC) 

7680.12 



GEOMETRIC THPCAT ASSa 

1 1N2 ) 

63.91 



AERODYNAMIC THROAT AREA 

( INZ ) 

B2.58 



GEOMETRIC AREA RATIO ’ ; 

(AE/AT ) 

77.50 



. ; ■ ' : >; . ■ ■ . ' ■ ' ■ 


FLOWRATE DELTA P 

PRESSURE ( PSI A ) TEMP 

CONTROL VALVE VARIABLES 


(LB/SEC) (PS1) 

INLET 

DISCHARGE (OEGR) 

OXIDIZER PR E BURNER OXIDIZER VALVE 

R= 171.97 

29. B5 1500.73 

e370.20 

6869.96 209.59 

FUEL J’RRBURNFR OXIDIZER VALVE 

19.26 

77.88 1221.63 

8901. E6 

7160.03 209.55 

SCHEDULED VALVE VARIABLES 





VA IN rXir.lZFP VALVE 

R= C.C0971 

856.92 58.59 

9899. 5° 

9851.15 190.60 

M AIN HI* L VALVE 

R- 0 • O'O A 69 

157.5*. 22.22 

6902.73 

66E0.51 99.90 

C COL 4 NT CONTROL VALVE 

R- 0 .03!) 70 

• 80.65 96.35 

67P0.32 

6733.96 59.90 
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TABLE IX (Continued) 


EPL LOW PRESSURE HIGH PRESSURE 


TU°BC M ACH INERT VARIABLES 

* 

CXIDI2ER 

FUEL 

OXIDIZER 
MAIN BOOST 

FUEL 

PUMP 

INLET FLt'WPATE 

( LB/SEC 1 

962.61 

160.47 

-1136.26 

122.50 

160.97 

PUMP 

INLET PPFSSUKE 

( FS1A ) 

100. 00 

20.00 

- 377.16 

4911.50 

192.60 

»UMP 

INLET TEMPERATURE 

(DFG. R) 

164.00 

37.00 

169.32 

190.60 

39.67 

PUMP 

INLET PENS! TV 

(L6/F13) 

70.9380 

4*4C72 

7C.3990 

71.2636 

9.3792 

PUMP 

DISCHARGE FLOWRATE 

( LB/StC 1 

1136.29 

16C.4> 

1155.19 

103.57 

160.47 

PUMP 

DISCHARGE PRESSURE 

( PSIA ) 

*.42.13 

259.0*. 

5152.79 

8434.77 

7C09.lt 

PUMP 

DISCHARGE TEMPERATURE 

(DEG. R) 

169.22 

29.67 

190. 6C 

209.59 

99.90 

PUMP 

DISCHARGE DENSITY 

(L6/FE3) 

70.3490 

4.9169 

71.2636 

70.7605 

5.0061 

PUMP 

TIP SPEED 

{ FT/S EC ) 

276.06 

827.64 

900.65 

665.64 

1939.58 

PUMP 

HEAD RISE 

. (FT) 

694.5 

7409.1 

9775.3 

7119.9 

194363.5 

PUMP 

VOLUMETRIC FLOW-INLET 

(GPM) 

6091.6 

16342.4 

7249.4 

652.3 

16360.6 

PUMP 

HF AD COEFFICIENT -PSI 


0.26 90 

0.3980 

C .38 77 

0.5170 

1.6623 

PUMP 

F LOW COEFFICIENT-PHI 


0.2130 

0.2390 

0.1316 

O.Obl? 

0.1771 

PUMP 

HORSEPOWER 

(BHP ) 

1737.6 

2996.9 

25897.5 

1917.5 

76557.9 

PUMP 

EFFICIENCY 


0.6997 

0.7335 

0.7813 

0.6992 

0.7407 

PUMP 

SPEED 

(RPM) 

5947.11 

158C6.L3 

31132 

.36 

37354.67 


TURBINE FLOWRATE (IB/SIC) 172.57 24.67 63.03 161.65 
TURBINE INLET PRESSURE (PSIA) 4902.51 4774.06 5848.22 58E0.32 
TURBINE INLET TEMPERATURE (DEG. R) 190.60 539.41 1476.90 • 1917.92 


«* ■: 

TURBINE 

DISCHARGE PRESSURE 

(PSIA l 

992.08 

3974.45 

3698.56 

3729.93 


TURETNF 

DISCHARGE TEMPEKATURF 

(DEG R) 

1C9.91 

527.24 

1344.31 

1754.21 


TtJRBINF 

TIP SPFED 

(FT/SEC) 

142.60 

510.38 

1370.67 

1660.87 


TURRINE 

SPOUTING VELOCITY 

(FT/SEC) 

314.03 

2385.05 

4626.23 

4597.99 


TURBINE 

ISENTRC'PIC VELOCITY RATIO 


0.4541 

0.2140 

0.2963 

0.3613 


TURBINE 

PRESSURE RATIO - TGTAL/TOTAL 



1.2012 

1.5812 

1.5765 


TURBINE 

TC’ROUE . 

(FT-LB) 

1675.24 

979.05 

4663.99 

10769.02 


TURBINE 

HSR SFPOWEP - 

(BHP J 

1737.4 

2 946. 7 

27765.7 

76557.2 

f 

TURBINE 

efficiency 


0. 59b7 

0.5257 

0.7279 

0.7930 

H- 

n ; ■ 

TURBINE 

SPEED 

(RPM) 

5447.11 

15806.83 

31123.36 

37259.67 
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TABLE IX (Continued) 


fcPL 

PREBUPNFR VARIABLES 

INLET FlCMPATt (INCLUDING IGNITER ) (LB/SEC) 

INLET PRESSURE . (PSIA) 

INLET TEMPERATURE ( DEG R ) 

INJECTC® FLCKRATE (LB/SEC) 

TNJECTCR INLET PRESSURE (PSIA) 

INJECTOR PRESSURE ORC p (PSD 

INJECTOR END PRESSURE (PSIA) 

GAS MIXTURE RATIO (C/F) 

GAS ELCWRATF (LB/SEC) 

GAS TEMPERATURE (DEG R) 

FLGWRATE 

*4 IN INJECTOR VARIABLES (LB/SEC.) 

CR IFICF-DX IDI2ER 855.99 

ORIFICE— HCT GAS 2*2.10 

HOT GAS MIXTURE RATIO 0.8048 

PRIMARY (LOWER ) F ACtPLATE-FUEL 8.45 

SECONDARY (UPPER ) F ACE P L ATC^FUEL 3.96 

e AFFLFS-FUFL J! 20.99 

ACOUSTIC CAVITY 0.51 

COOLING CIRCUIT VAR I AbLES 

MAIN COMBUSTION CHAMBER 34.67 

MAIN CHAMBER NOZ2LE 42.20 

HIGH PRESSURE FUEL TURBINE 1.91 

CXI0I2ER PPEPU e NER CASE 1.69 

CXIDIZPR - TURBINE END BEARING . 4.76 

PREEURNER PUMP BEARING 14.14 

HOT GAS MANIFOLD - FUEL SIDE 19.58 

HOT GAS MANIFOLD - OXIDIZER SIDE ' 14.31 

TM1K PPESSU 0 I Z AT ION SYSTEM VARIABLES 

HEAT EXCHANGER HOT GAS 64.57 

HEAT EXCHANGER 0XIOI2FR INLET DUCT 2.41 

PRIMARY HEATING CCIL 1.71 

BYPASS DUCT 0.70 

CXIDI7FR TANK PRESSURIZATION DUCT . 2.41 

FUEL TANK PRESSURIZATION DUCT 0.77 


. FUEL PREBURNER OXIDIZER PREBURNER 


OXIDIZER FUH 

OXIDIZER 

FUEL 

78 

.28 83 

.37 

25.29 

39.48 

7180 

.03 (b492 

.89 

6E69.46 

6406.42 

2C9 

.59 .302 

.56 

209.59 

302.56 

77 

.38 ' 62 

.17 

24.50 

36.36 

7134 

.70 6463 

.89 

6647.65 

6382-51 

1237 

.28 566 

.47 

979.50 

514.36 


5697.42 


5868 

.15 


0.9390 


0.6692 


161.65 


63 

.08 


1917.92 


1478 

.90 

DELTA P 

PRESSURE! PSIA) 

TEMPERATURE (DEG R) 

(PSI) 

INLET 

DISCHARGE 

INLET 

DISCHARGE 

1067.24 

4281.54 

3214.20 

190.60 

19C.60 

419.51 

3633. B1 

3214.30 

1576.06 

1576.06 

552.09 

3766.39 

3214.30 

528.82 

653.38 

132.58 

3766.39 

3623.81 

528.82 

579. 6E 

600.93 

3766.39 

3165.46 

526.82 

697.28 

552.09 

3766.39 

3214.30 

528.82 

528.62 

1644.15 

6733.23 * 

5Ce9.09 

99.90 

539.41 

159.53 

6771.46 

6611.93 

99.90 

676 • 

3274.25 

7004.18 

3729.93 

99.90 

100.18 

26G3.95 

6382.51 

3698. 5o 

302.56 

302.56 

4534.34 

4911.50 

377.16 

190.60 

190.60 

8C57.61 

8434.77 

377.16 

209.59 

209.59 

72.09 

3838.48 

3766.39 

527.24 

528.68 

35.27 

3801.66 

3766.39 

527.24 

5 29. CO 

47.26 

3666.60 

2629.24 

1301. 7e 

1299.53 

65. E9 

4926. 8E 

4660.98 

190.60 

190.60 

1271.19 

4860.98 

3589.79 

190.60 

1266.65 

1271.19 

4860.98 

3589.79 

•190.60 

190.60 

23.76 

3589.79 

3566.03 

691.36 

891.36 

146.57 

3974.45 

3625.89 

527.2*. 

527.24 
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TABLE IX (Continued) 


EPl 


FLOWRATE 

OELTA P 

PRESSUREtPSIA) 

TEMP 

MISCELLANEOUS COMPONENTS 


(LE/SEC) 

(PSI) 

INLET 

DISCHARGE 

(DEG R) 

OXIDIZER 




. 



LOW PRESSURE PUMP DISCHARGE DUCT 


1136.39 

6*. 97 

. 4*2. 13 

377.16 

169.32 

LOW PRFSSURE TURBINE INLET DUCT 


173.5? 

160.23 

5152.7* 

4992.51 

190.60 

HIGH PRESSURE MAIN PUMP DISCH DUCT-SECT 1 


981.62 

169.30 

5152.74 

4963.44 

190. oO 

HIGH PRESSURE MAIN PUMP DISCH DUCT-SECT 2 


856.70 

63.8<? 

4963 . 44 

4899.59 

190.60 

HIGH PRESSURE BOOST PUMP INLET DUCT-SECTION 

1 

12*. 91 

36.57 

4963.44 

4 92 6 • b 8 

1 9 C . o 0 

HIGH PRESSURE BOOST PUMP INLET DUCT-SECTION 

2 

122.50 

15. 

4926. £8 

4911.50 

190.60 

HIGH PRESSURE BOOST PUMP DISCHARGE DUCT 


103.57 

7.05 

8434.77 

8427.71 

205.59 

OXIDIZER PREBURNER INLET DUCT 


25.29 

57.52 

8427.71 

8370.20 

209.59 

OXIDIZER PREBURNER DOME 


2*. 85 

21.82 

6869.46 

6847.65 

209.59 

FUEL PP EBURNER INLET DUCT 


78.28 

25.85 

S427.71 

£401.56 

2C9.59 

FUEL PREBURNER DOME. 


77.66 

45.34 

7160.03 

7134.70 

209.69 

THRUST CHAMBER DOME 


855.99 

5.69.61 

4651. 15 

4261.54 

190.60 

FUEL ' 







LOW PRESSURE PUMP DISCHARGE DUCT 


160.47 

66.43 

259.04 

192. 00 

39.67 

LCW PRESSURE TURBINE INLET DUCT 


34.67 

195.72 

4969.78 

4774.06 

559. <.1 

LOW PRESSURE TURBINE DISCHARGE DUCT 


33.89 

100.06 

3974.45 

3874.37 

527.24 

HOT GAS MANIFOLD COOLANT DUCT-FUEL SIDE 


19.58 

35.89 

3874 .37 

3838.48 

527.2* 

HOT GAS MANIFOLD COOLANT OUCT-CX ID1ZER SIDE 


14.31 

72.71 

3874.37 

3801.66 

527.24 

HIGH PRESSURE PUMP DISCHARGE DUCT 


158.56 

100.45 

7004.18 

6903.73 

99.90 

MAIN FUEL VALVE DISCHARGE DUCT 


76.88 

*9.74 

6660.51 

6951.21 

99.40 

CHAMBER COOLING JACKET INLET DUCT 


34.67 

97.98 

6831.21 

6733.23 

99.90 

CHAMBER COOLING JACKET DISCHARGE MANIFOLD 


34.67 

119.30 

5089.09 

4969.78 

539.41 

FIXED NOZZLE COOLING JACKET INLET DUCT 


42.20 

59.74 

6831 .21 

677 1.46 

oo .90 

COOLANT CONTROL VALVE INLET DUCT 


80.65 

100.19 

6S80.51 

6780.32 

99.90 

COOLANT CONTROL VALVE DISCH DUCT £ MIXER 


60.65 

170.96 

6 7 33 .96 

6563.00 

99.90 

FIXED NOZZLE COOLING JACKET DISCH DUCT C MIXE 

*2.20 

48.93 

6611.93 

6563.00 

67 6 . 67 

PREBURNER SUPPLY DUCT 


122. e5 

35.49 

6563.00 

6527.51 

302.56 

FUEL PREBURNER INLET DUCT 


63.37 

35.55 

6528.43 

64v2.£4 

3C2.56 

OXIDIZER PREBURNER INLET DUCT 


39.48 

122.16 

6528.58 

6406.42 

302.5.6 

. FUEL PREBURNER INLFT MANIFOLD 


82.17 

28.99 ' 

6492.89 

6463.8? 

302.66 

OXIDIZER PREBURNER INLET MANIFOLD 


38.05 

23.91 

64C6.42 

6392.51 

3C2.56 
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TABLE IX (Concluded) 


EPL 


FLOWRATE 

DELTA P 

. PRESSURE(PSIA) 

TEMP 

MISCELLANEOUS COMPONENTS 


(LB /SEC) 

(PSI) 

INLET 

DISCHARGE 

(DEG R) 

HOT CAS 

HIGH PRESSURE FUEL TURBINE INLET DUCT 


161.65 

17. IQ 

5697.42 

5880.32 

1917.92 

HIGH PRESSURE OXIDIZER TUREINE INLET DUCT 


63.08 

19.93 

5868.15 

5848.22 . 

1478. 9C 

HIGH PRESSURE FUEL TURBINE TURNAROUND DUCT 


163.56 

25.48 

3729.93 

3704.46 

1741.64 

HIGH PRESSURE OXIDIZER TURBINE DISCHARGE UUCT 

64.57 

11.96 

3698.56 

3686.60 

1301.78 

HOT GAS MANIFOLO-FUEL SIDE 


163. se 

64.53 

3704.46 

3639.94 

1741.64 

HOT GAS MANIFOLD- nxlDIZER SIDE 


64.57 

47.36 

3686.60 

3639.24 

1301.78 

MAIN INJECTOR POSTS-FUEL SIDE 


163.58 

6.12 

3639.94 

3633.81 

1741.64 

MAIN INJECTOR POSTS-OXI DIZER SIDE 
IGNITER SYSTEM 


64.57 

5.43 

3639.24 

3633.81 

1301.78 

MAIN CHAMBER 

OXIDIZER PRIMARY SUPPLY DUCT 


0.29 

416.05 

4699.59 

4481.54 

190.60 

0X1DIZFP BYPASS DUCT 


0.42 

369.62 

4851.15 

4481.54 

190.60 

OXIDIZER IGNITOR CIRCUIT 


0.72 

1267.23 

4481.54 

3214.30 

190.60 

FUEL SUPPLY CIRCUIT 
MIXTURE RATIO -0/F 
OXIDIZER PR EBU° NER 

0.70 

. 1.02 

3666.20 

6903.73 

3214.30 

99.90 

OXIDIZER PRIMARY SUPPLY DUCT 


0.44 

1564.05 

8370.20 

6806.15 

209.59 

OXIDIZER RYPASS DUCT 


0.35 

54.58 

6660.73 

6806. 15 

2C9.59 

OXIDIZER IGNITOR CIRCUIT 


0.79 

928.00 

6606.15 

5868.15 

209.59 

FUEL SUPPLY CIRCUIT 
MIXTURE RATIO - 0/F 

C.55 

1.43 

538.27 

6406.42 

5868.15 

2C2.56 

FUEL PREBURNBR 

OXIDIZER PRIMARY SUPPLY DUCT 


0.41 

1353.62 

•8401.86 

7048.24 

209.59 

GXIDIZFP BYPASS DUCT 


0.49 

100.66 

7149.10 

7048.24 

209.59 

CXI 01 Z E R IGNITOR CIRCUIT 


0.90 

1150.62 

7048.24 

5097.42 

209.59 

FUEL SUPPLY CIRCUIT 
MIXTURE RATIO - 0/F 

0.75 

1.20 

595.46 

6492.69 

5897.42 

302.56 


N DATE Cfc/19/7? DATA READ 0.0167 BALANCE 7.6100 HEATEX 22.6967 TOTAL 23.1667 



DVS~SSifli-10l 
20 JULY 1973 


ORIGINAL PAGE IS 

OP POOR QUALITY/ RSS-8549-2 

137 



TABLE XI I 


RCCKETDYNE SSME NPL 6.0 


NGINE VARIABLES - (100*) 


SYSTEM 

OXIDIZER 

FUEL 

thrust 

(LB) 

469998. 



MIXTURE RATIO - O/F 


6.0000 



SPECIFIC IMPULSE 

( SEC ) 

457.07 



ATMOSPHERIC PRESSURE 

(PSIA) 

0.0 



PBCPELLFNT FLOWRATE 

(LB/SEC J 

1031.23 

883.91 

147.32 

PROPELLENT INLET TEMPERATURE 

(DEG. R) 


164.00 

37.00 

PROPELLENT INLET PRFSSURE 

(PSIA) 

' ' 

IOC. CO 

30.00 

PROPELLENT INLET DENSITY 

( LB/FT3 ) 


70 . 94 

4.41 

PRESSURIZATION FLOWRATE 

(LB/SEC)" 


2.25 

0.70 

PRESSURIZATION PRESSURE 

(PSIA) 


3238.90 

3450.93 

PRESSURIZATION TEMPERATURE 

(DEG. R) 


850.02 

539. OC 

OVFRPOAR D LIQUID FLOWRATE 

(LB/SEC) 


0.12 

0.0 

OVERBOARD ' GAS FLOWRATE 

(LB/SEC) 

0.18 




THRUST CHAMBER VARIABLES 


THRUST 

(LB) 

469998. 





MIXTURE RATIO - O/F 


6.0165 





SPECIFIC IMPULSE 

(LB/SEC) 

457.20 





TOTAL FLOWRATE 

(LB/SEC) 

1C27.98 


881.48 

146 

.51 

IGNITER FLOWRATE 

(LB/SEC) 

1.61 


0.67 

0 

.94 

NOZZLE STAGNATION PRESSURE 

(PSIA) 

2968.63 





INJECTOR END PRESSURE (STATIC) 

(PSIA) 

2957.05 





THRUST COEFFICIENT 


1.9171 





CHARACTERISTIC VELOCITY 

(FT/SEC) 

7673.02 





GEOMFTR IC THROAT AREA 

( IN2 ) 

83.41 





AERODYNAMIC THROAT AREA 

( IN2 ) 

82.58 





GEOMETRIC AREA RATIO 

(AE/AT) 

77.50 





,/ V ; 7 : ' 


FLOWRATE DELTA 

P 

PRESSURE(PSIA) 

TEMP 

CONTROL VALVE VARIABLES 


(LB/SEC) (PS1) 

INLET 

DISCHARGE 

(DEGR) 

OXIDIZER PREBURNER OXIDIZER VALVE 

R= 258.59 

21.34 1662. 

96 

7586.43 

5923.46 

2C5.92 

FUEL PRFBURNER OXIDIZER VALVE 

R= 26. e2 

64.21 1561. 

91 

7611.49 

6049.58 

205.92 

SCHEDULED VALVE VARIABLES 







MAIN OXiniZFR VALVE 

R= 0.00472 

794.82 41. 

87 

4409.38 

4367.51 

167.94 

MAIN FUEL VALVE 

R= C. 00469 

144.61 19. 

74 

6103. 6 I 

6084.07 

93.11 

COOLANT CONTROL VALVE 

R- 0.03570 

75.74 41. 

25 

5994.91 

5953.66 

93.11 
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TABLE XII (Continued) 


NPL 6.C LOW PRESSURE HIGH PRESSURE ' 


POMACHINERY VARIABLES 


0X10IZER 

FUEL 

OXIDIZER 

FUEL 





MAIN 

BOOST 

■ v". ' ' 

PUMP INLET FLOWRATE 

{ LB/SEC 1 

683.91 

147.32 

1-047. e6 

104.43 

147.32 

PUMP INLET PRESSURE 

( PS1 A ) 

100.00 

30.00 

359.64 

4426.54 

177.54 

PUMP inlet temperature 

(DEG. R) 

164.00 

37.00 

168.91 

167.94 

39.37 

P'JMP INLET DENSITY 

(LB/PT3 ) 

70.9380 

4.4073* 

70.3937 

71.2331 

4.3650 

PUMP DISCHARGE FLOWRATE 

(Le/SECI 

1047.98 

147. 32 1 

1065. e3 

86.45 

147.32 

PUMP DISCHARGE PRESSURE 

(PSIA) 

415.05 

233.53 

4624.22 

763^.03 

6189.21 

PUMP DISCHARGE TEMPERATURE 

(DEG. R) 

168.91 

39.37 

187.94 

205.92 

93.11 

PUMP DISCHARGF DENSITY 

2LB/PT3 J 

70.3937 

4.4184 

71.2331 

70.8058 

4.9621 

PUMP TIP SPEED 

(FT/SEC) 

! 262.70 

7 73 .74 

845.47 

624.85 

1821.59 

PUMP HEAD RISE 

(FT) 

639.5 

6585.8 

8723.4 

6484.0 ’ 

173192.7 

PUMP VOLUMETRIC FLOW-INLET 

(GPM ) 

5592.6 

15002.7 

6681.0 

544.7 

15028.2 

PUMP HEAD COEFFICIENT— P SI 


. 0.2982 

0.3539 

0.3926 

0.5343 

1.6793 

PUMP FLOW CUFPFICIENT-PHI 


0.2070 

0.2347 

0.1292 

0.0727 

0.1730 

PUMP HORSEPOWER 

( BHP ) 

1466.0 

2400.0 

21297.5 

1489.5 

62239.3 

PUMP EFFICIENCY 


0.7002 

0.735C 

0.7804 

0.6843 

0.7453 

PUMP SPFEO 

(RPM) 

5145.86 

14777.39 

2922 

5.78 

35Gb2 • 25 

TURBINE FLOWRATE 

(LB/SEC) 

164.06 

30.61 

56 

.25 

142.69 

TURBINE INLEf PRESSURE 

(PSIA) 

4481.01 

4256.78 

5163 

.50 - 

5161.05 

TURBINE INLET TEMPERATURE 

(DEG. R) 

167.94 

550.71 • 

1405 

.60 

1726. t 3 

TURBINE DISCHARGE PRESSURE 

(PSIA) 

414.91 

3588.98 

3357 

.69 

3381.64 

TUR BINE DISC HARGE TEMP ER ATURE 

(DEG R) 

186.95 

539.00 

1283 

.31 

1563.79 

TURBINF TIP SPEED 

(FT/SEC) 

134.72 

477. 14 

1286 

.69 

1559.82 

TURBINE SPOUTING VELOCITY 

(FT/SEC) 

296.91 

2305.42 

4450 

.77 

4417. c 2 

TURBINE ISENTRCP iC VELOCITY RATIO 


0.4537 

C.207C 

0.2891 

0.3531 

TURBINE PRESSURE RATIO - TOTAL/TOTAL 



1.1861 

1.5 

378 

1.5262 

TURBINF TOROUE 

(FT-LB) 

1498.27 

852.96 

4095 

.04 

9318.00 

TURBINE HORSEPOWER 

< BHP ) 

1468.0 

2399.9 

22787.2 

62241.0 

TURBINE EFFICIENCY 


0.5967 

0.5221 

0.7238 

0.7910 

TURBINE SPEED 

(RPM) 

5145.86 

14777.39 

29225.78 

f 

35082.25 ** 
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TABLE XI I (Continued) 


j: ; 

NPL 6.0 


FUEL PREBURNER 

OXIDIZER 

PRESURNER 

fi'X 

’RESURNER VARIABLES 


CXIDIZER 

FUEL 

CXIDIZER 

FUEL 


INLET FLOWRATE (INCLUDING IGNITER) 

( L3/SEC ) 

64.66 

78. 03 

21.79 

35.97 


INLET PRESSURE 

(PSIA) 

6049.58 

5734.29 

5923.46 

5659.23 


INLET TEMPERATURE 

(DEG R) 

205.92 

296.38 

205.92 

296.38 


INJECTOR FLOWRATE 

(LB/SEC) 

63.90 

' 76.90. 

21.11 

33.15 

;;; 

INJECTOR INLET PRESSURE 

(PSIA) 

6018 • 78 

(5707. 17 

5907.39 

5638.05 


INJECTOR PRESSURE DROP 

(PSI ) 

843.21 

531.60 

726. ,5b 

457.24 

i V: 

INJECTOR END PRESSURE 

(PSIA) 

5175.57 

5 18C 

.80 


G'AS MIXTURE PATIO 

(0/F ) 

0. 8287 

0.6326 


GAS flowrate 

I LB/SEC) 

142.69 

56 

.25 


GAS TEMPERATURE 

(DEG R) 

1728.83 

1405 

.60 



FLOWRATE 

DELTA P 

PRESSURE ( PSIA ) 

TEMPERATURE (DEG R) 

IN INJECTCR VARIABLES 

(LB/SEC) 

(PSD 

INLET 

DISCHARGE 

INLET 

DISCHARGE 

ORIFICE-OXIDIZER 

794.42 

919.63 

3876.68 

2957.05 

187.94 

187.94 

CR1FICE-HDT GAS 

205.40’ 

345.48 

3302.53 

2957.05 

1448.60 

1448 .60 

HDT GAS MIXTURE RATIO 0.7259 

PRIMARY (LOWER) FACEPLATE-FUEL 

7.25 

451.90 

34Ce.94 

2957.05 

540.04 

675.42 

SECONDARY (UPPER) FACEPLATE-FUEL 

3.36 

106.41 

340S.94 

3302.53 

540.04 

596.10 

BAFFLES-FUEL 

IB. 86 

505.63 

3408.94 

2903.32 

540.04 

714.98 

ACOUSTIC CAVITY 

0.4-4 

451.90 

3408.94 

2957.05 

540.04 

540.04 

OLING CIRCUIT VARIABLES 
MAIN COMBUSTION CHAMBER 

30.61 

1434.07 

5965.77 

4531.71 

93.11 

550.71 

MAIN CHAMBER NOZZLE 

38.25 

146.51 

5993.28 

• 5846.77 

93.11 

663.57 

HIGH PRESSURE FUEL TURBINE 

1.76 

2807.57 

6189.21 

3381.64 

93.11 

93.30 

CXIDIZER PREBURNER CASE 

1.51 

2280.35 

5638.05 

3357.69 

296.38 

296.38 

CXIDIZFR TURBIN 6 END BEARING 

4.33 

4066.71 

4426.54 

359.84 

187. 94 

187.94 

PREBURNER PUMP BEARING 

13.44 

7274.19 

7634.03 

359.84 

205.92 

205. 9>2 

HOT GAS MANIFOLD -FUEL SIDE' 

17.26 

62.36 

3471.30 

3408.94 

539. CO 

539.84 

HOT GAS MANIFOLD - OXIDIZER SIDE 

12.63 

30.51 

3439.45 

34C8.94 

539.00 

540.32 

NK PRESSURIZATION SYSTEM VARIABLES 
HEAT EXCHANGER HCT GAS 

57.56 

40.35 

3347.49 

3207. 14 

1243.43 

1241.20 

HEAT EXCHANGER OXIDIZER INLET DUCT 

2.25 

57.46 

4437.72 

43E0.26 

187.94 

1E7.94 

PRIMARY HEATING COIL 

1.60 

1119.86 

4380.26 

3260.40 

167.94 

1211.79 

BYPASS DUCT 

C.65 

1119.86 

4380.26 

3260.40 

187.94 

187.94 

CXIDIZER TANK PRESSURIZATION DUCT 

2.25 

21.49 

3260.40 

3238.90 

• 850.02 

650.02 

FUEL TANK PRESSURIZATION DUCT 

. 0.7C 

138.05 

3586.98 

3450.93 

539.00 

' 539.00 
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TABLE XI I (Continued) 


NPL 6.0 FLOWRATE 

SCELLANFCUS COMPONENTS ( L6/SEC ) 

OXIDIZER 

LOW PRFSSURF PUMP DISCHARGE DUCT 1047.98 

LOW PRESSURE TURBINE INLET DUCT 164.06 

HIGH PRESSURE MAIN PUMP DISCH DUCT-SECT 1 901.77 

HIGH PRESSURE MAIN PUMP DISCH D'JCT-SECT 2 795.09 

HIGH PRESSUPE BOOST PUMP INLET DUCT-SECTION 1 106.68 

• HIGH PRESSURE BOOST PUMP INLET DUCT-SECTICN 2 104.43 

HIGH PRESSURE BOOST PUMP DISCHARGE DUCT 86.45 

OXIDIZER PREBURNER INLET DUCT 21.79 

OXIDIZER PREBURNER DOME 21.34 

FUEL PREBURNFR INLET DUCT 64.66 

FUEL PR E BURNER DOME 64.21 

THRUST CHAMBER OOMF 794.42 

FUEL 

LOW PRESSURE °UMP DISCHARGE DUCT • 147.32 

LOW PRFSSURE TURBINE INLET DUCT 30.61 

LOW PRESSURE TURBINE DISCHARGE DUCT 29.91 

HOT GAS MANIFOLD COOLANT DUCT-FUEL SIDE 17.28 

HOT GAS- MANIFOLD COOLANT DUCT-CX I DI ZFR SIDE 12.63 • 

HIGH PRESSURE PUMP DISCHARGE DUCT 145.56 

MAIN FUFL VALVE DISCHARGE DUCT 68.86 

CHAMBER COOLING JACKET INLET DUCT 30.61 

CHAMBER COOLING JACKET DISCHARGE MANIFOLD 30.61 

FIXED NOZZLE COOLING JACKET INLET DUCT 38.25 

COOLANT CONTROL VALVE INLET DUCT 75.74 

COOLANT CONTROL VALVE DISCH CUCT G MIXER 75.74 

I FIXED NOZZLE COOLING JACKET DISCH DUCT G MIX6 38.25 

r PPEBURNER SUPPLY DUCT 113.99 

1: FUEL PRF8URNFR INLET DUCT 78.03 

OXIDIZER PPEBURNER INLET OUCT 35.97 

! FUEL PREBURNER INLET MANIFOLD 76.90 

I OXIDIZER PRF6URNFR INLET MANIFOLD 34.67 



SLTA P 

PRESSURE(PSIA) 

TEMP 

(PS I) 

INLET 

DISCHARGE 

(DEG R) 

55.22 

A15.C5 

359.84 

168.91 

143.21 

4624.22 

4461.01 

187.94 

159.8^ 

4624.22 

4464.40 

167.94 

55. 02 

4464.40 

4409.38 

1 £7 . 94 

26.68 

4464 .40 

4437.72 

167.94 

11.18 

4437.72 

4426.54 

167.94 

4.91 

7634.02 

7629.12 

205.92 

42.70 

7629.12 

7586.43 

205.92 

16.08 

5923.46 

5907.39 

205.92 

17.63 

7629.12 

7611.49 

205.92 

30.81 

6049.58 

6018.78 

205.92 

490.83 

4367.51 

3876.68 

187.94 

56. CO 

233.53 

177.54 

39.37 

170.61 

4427.59 

4256.76 

550.71 

86.63 

3586.98 

3502.35 

539.00 

31.05 

3502.35 

3471. 3C 

539. OC 

62.89 

3502.35 

3439.45 

539.00 

85. 4C 

6169.21 

6103.61 

93.11 

4C.27 

6084.07 

6042.60 

93.11 

77.03 

6042.80 

5965.77 

93.11 

104.12 

4531.71 

4427.59 

550.71 

49.52 

6042.80 

5993.28 

93.11 

69.16 

6084.07 

5994.91 

93.11 

154.63 

5953.66 

5799.02 

93.11 

47.75 

5 e46. 77 

5799.02 

683.57 

32.65 

5799.02 

5766.37 

296.35 

33.25 

5767.54 

5734.29 

296.28 

108.24 

5767.46 

5659.23 

296.36 

27.12 

5734.29 

5707.17 

296.38 

21.19 

5659.23 

5638.05 

296.38 
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TABLE XII (Concluded) 




NPL 6.0 


FLOWRATE 

OELTA P 

PRESSURE! PSIA ) 

TEMP 

iISCELLANEOUS COMPONENTS 


(LE/SEC) 

< PS1 ) 

INLET 

DISCHARGE 

IDEG R) 

HOT GAS 

HIGH PRESSURE FUFL TURBINE INLET DUCT 


142.69 

14.52 

- 5175.57 

5161.05 

1728.83 

HIGH PRESSURE OXIDIZER 7 UR BINE INLET DUCT 


56.25 

17.31 

5160. EO 

5163.50 

1405.60 

HIGH PRFSSURE FUEL TURBINE TURNAROUND DUCT 


144.46 

20. 9S 

3281.64 

3360.65 

1572.48 

HIGH PRESSURE OXIDIZER TURBINE DISCHARGE DUCT 

.57.58 

1C. 21 

3357.69 

3347.49 

1243.43 

HOT GAS MANIFOLD-FUEL SIDE 


144.46 

53.09 

3360.65 

3307.57 

1572.48 

HOT GAS MANIFOLD— OX 1 0 1 Z FR SIDE 


57.58 

40.35 

3347.49 

33C7.14 

1243.43 

MAIN INJECTOR PCSTS-FUEL SIDE 


144.46 

5.03 

3307.57 

3302.53 

1572.40 

MAIN INJECTOR POSTS-OXIDIZER SIDE 


57.58 

4.61 

3307.14 

3302.53 

1243.43 

IGNITER SYSTEM 
MAIN CHAMBER 

OXIDIZER PRIMARY SUPPLY DUCT 


0.27 

360.33 

4409.38 

4049.05 

187.94 

OXIDIZER BYPASS DUCT 


0.40 

318.46 

4367.51 

4049.05 

187.94 

OXIDIZER IGNITOR CIRCUIT 


0.67 

1092.00 

4049.05 

2957.05 

187.94 

FUEL SUPPLY CIRCUIT 


0.94 

3127.02 

6103.61 

2957. C5 

93.11 

MIXTURE RATIO - 0/F 
OXIDIZER PREBURNER 

OXIDIZER PRIMARY SUPPLY DUCT 

0.71 

0.46 

1693.28 

75E6.43 

5893.14 

205.92 

OXIDIZER BYPASS DUCT 


C.23 

23.89 

5917.03 

5893.14 

205.92 

OXIDIZER IGNITOR CIRCUIT 


0.69 

712.34 

5893.14 

5180.80 

205.92 

FUEL SUPPLY CIRCUIT 


1.30 

478.43 

5659.23 

5180.80 

296.38 

MIXTURE RATIO - 0/F 
FUEL PREEURNER 

OXIDIZER PRIMARY SUPPLY DUCT 

0.53 

. 0.45 

1622.87 

7611.49 

5988.63 

205.92 

OXIDIZER BYPASS DUCT 


0.31 

39.94 

6028.56 

5988.63 

205.92 

OXIDIZER IGNITOR CIRCUIT 


0.76 

813.06 

5988.63 

5175.57 

205.92 

FUEL SUPPLY CIRCUIT 


1.12 

558.72 

5734.29 

5175.57 

296.38 


MIXTURE RATIO - 0/F 0.67 

• JN DATE 06/19/73 DATA READ 3.6933 BALANCE 10.5600 HEATEX 23.0067 TOTAL 23.3167 
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TABLE XVI I 


ROCKETDYNE SSME 

(751)6.0 



- 

-NGINE VARIABLES 

SYSTEM 

OXIDIZER 

FUEL 

THRUST 

(LB) 

352499. 



MIXTURE RATIO - O/F 


6.0000 


. . 

SPECIFIC IMPULSE 

(SEC) 

456.27 • 



ATMOSPHERIC PRESSURE 

( PS1 A ) 

0.0 j 



PROPELLENT FLOWRATE 

(LB/SEC) 

775.00 

664.28 

110.71 

PROPELLENT INLET TEMPERATURE 

(DEG. R) 


164.00 

37.00 

PROPELLENT INLET PRESSURE 

(PSIA) 


100.00 

30.00 

PROPELLENT INLET DENSITY 

( LB/FT3 ) 


70.94 

4.41 

PRESSURIZATION FLOWRATE 

(LB/SEC) 


1.88 

0.53 

PRESSURIZATION PRESSURE 

(PSIA) 

* 

2548.37 

2538.23 

PRESSURIZATION TEMPERATURE 

(DEG. R) 


775.59 

579.04 

OVERBOARD LIQUID FLOWRATE 

(LB/SEC) 


0.09 

0.0 

OVERBOARD GAS FLOWRATE 

(LB/SEC) 

0.13 



' hrust chamber variables 

- 

' ' < 



THRUST 

(LB) 

352499. 



MIXTURE RATIO - O/F 


6.0166 



SPECIFIC IMPULSE 

(LB/SEC) 

456.40 



TOTAL FLOWRATE 

(LB/SEC) 

772.34 

662.27 

110.07 

IGNITER FLOWRATE 

(LB /SEC) 

1.35 

0.54 

. 0.81 

NOZZLE STAGNATION PRESSURE 

(PSI A) 

2224.44 



INJECTOR END PRESSURE (STATIC) 

(PSIA) 

2225.77 



THRUST COEFFICIENT 


1.9189 



CHARACTERISTIC VELOCITY 

(FT/SEC) 

7652.57 



GEOMETRIC THROAT AREA 

(IN2) 

83.41 



AERODYNAMIC THROAT AREA 

(IN2) 

82.58 



GEOMETRIC AREA RATIO 

(AE/AT) 

77.50 





FLOWRATE DELTA P 

PRESSURE (PS I A ) TEMP 

’NTROL VALVE VARIABLES 


(LB/SEC) (PSD 

INLET 

DISCHARGE (DEGR ) 

OXIDIZER PREBUPNER OXIDIZER VALVE 

R= 652.00 

13.97 1802.91 

5724. E4 

3921.93 198.20 

FUEL PREBURNEP OXIDIZER VALVE 

R= 87-99 

38.66 1862.23 

5737.17 

3874.95 198.20 

HEDULED VALVE VARIABLES 




. 

MAIN OXIDIZER VALVE 

R- 0.06117 

608.44 318.63 

3373.04 

3054.41 182.69 

MAIN FUEL VALVE 

R= 0.06950 

108.29 167.91 

4553.67 

4385.76 80.22 

COOLANT CONTROL VALVE 

R= 0.5 50 CO 

47.33 255.45 

4349.92 

4094.47 eo.22 
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TABLE XVII (Continued) 


© O 
^ W 

Q & 

& t 

§ 


£5 


00 





75-3 6.0 


LOW PRESSURE 

HIGH PRESSURE 


VPPCMACHlNERY VARIAELES 


OXIDIZER 

FUEL 

OXIDIZER 

FUEL 






MAIN BCOST 



RUMP INLET FLOWRATE 

( LB/SEC ) 

664.26 

110.71 

* 805.43 69.09 

110.71 


PUMP INLET PPESSURE 

CPS1A) 

100. QO 

30.00 

323.46 3388.63 

164.56 


PUMP INLET TEMPERATURE 

(DEG. R) 

164. CO 

37.00 

168.2b 162.69 

38.97 


PUMP INLET DENSITY 

(LS/FT3) 

70i 938G 

4.4075 

70.4567 71.C669 

4.4CC1 


PUMP DISCHARG C FLOWRATE 

(LB/SEC) 

£05.52 

110.il 

E2G.94 53.56 

110. 71 


PUMP DISCHARGE PRESSURE 

(PSIA) 

366.05 

196.18 

3*96.38 5745.54 

4602.76 


PUMP DISCHARGE TEMPERATURE 

(DEG. R) 

166.26 

38.97 

182.69 198.20 

80.22 


PUMP DISCHARGE DENSITY 

( LB/FT3 ) 

70.4567 

4.4168 

71.0669 70.6153 

4.6587 


PUMP TIP SPEED 

(FT/SEC) 

227.56 

665.04 

708.9? 523.99 

1525.20 


PUMP HFAD RISF 

(FT ) 

540.1 

5377.0 

6464.4 ‘• 715*7 

130678.1 


PUMP VOLUMETRIC FLOW-INLET 

(GPM) 

4203.0 

11274.4 

5130.8 336.4 

11272.3 

po 

PUMP HEAD CCEFFICItNT-PSI 


0.3355 

0.3912 

0.4138 0.5596 

1.607-4 

cn 

cn 

i 

PUMP FLOW COEFFICIENT-PHI 


0.1796 

0.2052 

0.1183 0.053S 

0. 1550 

PUMP HCRSF POWER 

(BHP ) 

942.3 

1470.1 

12276.9 7*6.5 

35068.6 

00 

Oi 

PUMP EFFICIENCY 


0.6922 

0.7363 

0.7711 0.6232 

0.7501 

<0 

PUMP SPFED 

(RPMI 

4457.56 

12701.30 

24508.06 

29373.93 

1 

ro 

TURBINE FLOWRATE 

(LB/SEC) 

141.2*1 

21.78 

39.91 

99.21 


TURBINE INLET PRESSURE 

(PSIA) 

3389.99 

3075.99 

3583.65 

3544.92 


TURBINE INLET TEMPERATURE 

(DEG. R) 

162.69 

590.12 

1284.60 

1426.60 


TURBINE DISCHARGE PRESSURE 

(PSIA) 

366.18 

2650.04 

2473.17 

2485.06 


TURBINE DISCHARGE TEMPERATURE 

(DEG R) 

182.03 

579.04 

lies. 29 

1317.10 


TURBINE TIP SPEED 

( FT/StC ) 

116.70 

410.11 

1078.99 

1306.03 


TURBINE SPOUTING VELOCITY 

(FT/SEC) 

256.34 

2161.83 

4034.40 

4006.21 


TURBINE 1SENTK0P1C VFLCCITY RATIO 


0.4553 

0.1880 

0.267a 

0.3260 


TURBINE PRESSURE RATIO - TOTAL/TOTAL 



1.1607 

1.4*90 

1.4265 


TURBINE TORQUE 

(FT-LB) 

1110.26 

607.88 

2790.94 

6270.37 


TURBINE HORSEPOWER 

(8HP ) 

942.3 

1470.1 

13023.5 

35068.9 


•TURBINE EFFICIENCY 


0.5989 

0.5019 

0.7G95 

0.7795 


TURBINE SPEED 

(RPM) 

4457.58 

12701.30 

24508.06 

29373.93 


> 
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TABLE XVII (Continued) 


75 X 6.0 

68UPNEP VARIABLES 

INLET FLOWRATE (INCLUDING IGNITER l 

INLET PRESSURE 

INLFT TEMPERATURE 

INJECTOR FLOWRATE 

INJECTOR INLET PRESSURE 

INJECTOR PRESSURE DROP 

INJECTOR END PRESSURE 

GAS MIXTURE PATIO 

GAS FLOWRATE 

GAS. TEMPERATURE 


IN INJECTOR VARIABLES 
OP 1F1CE-0XIDIZER 
CRIFICE-HOT G*S 

HOT CAS MIXTURE RATIO 0.5909 

PRIMARY (LOWER) FACEPLATE-FUEL 
SECONDARY (UPPEP-) FACEPLATE— FUEL 
6 AFFl ES-FUEL 
ACOUSTIC CAVITY 

CLING CIRCUIT VARIABLES 
‘'AIN COMBUSTION CHAMBER 
MAIN CHAMBER NOZZLE 
HIGH PRESSURE FUEL TU°EINE 
CXIDIZER PRC BURNER CASE 
OXIDIZER TURBINE F NO FA RING '■ 
PREEURNFR PUMP REARING 
HCt GAS MANIFOLD - FUEL SICE 
HOT GAS MANIFOLD - OXIDIZER SIDE 
;K PRESSURIZATION SYSTtM VARIABLES 
HEAT FXCHANGFR HOT GAS 
HEAT EXCHANGER OXIDIZER INLET DUCT 
PRIMARY HEATING COIL 
BYPASS DUCT 

OXIDIZER TANK. PRESSURIZATION DUCT 
FUEL TANK PRESSURIZATION DUCT 


FUEL PREBURNER OXIDIZER PREBURNER 



OXIDIZER FUEL 

OXIDIZER 

FUEL 

(LB/SEC) 

39 

.14 60 

.07 

14.44 

26.53 

(PSMA) 

3874 

.95 59e3 

• 06 

3921.93 

3932.70 

(DEG R) 

198 

.20 i?94 

.05 

198.20 

294.05 

(LB/SEC) 

38 

.67 <59 

.20 

13.96 

24.51 

( PS1A ) 

3863 

.75 3962 

.41 

3915.02 

3917.87 

( PS 1 ) 

309 

.59 408 

.25 

319.66 

322.51 

( PS1 A ) 


3554.16 


3595. 

36 

(0/F ) 


0.6515 


0.5672 

(LB/SEC) 


99.21 


39. 

91 

(DEG R) 


1426.60 


1264. 

60 

FLOWRATE 

DELTA P 

PRESSURE (PSIA) 

TEMPERATURE ( DEG R) 

(LB/SEC). 

(PSD 

INLET 

DISCHARGE 

INLET 

DISCHARGE 

60.8.20 

540.26 

2766.05 

2225.77 

182.69 

182.69 

144.14 

211.50 

2437.27 

2225.77 

1242.72 

1242.72 

A. 98 

298.02 

2523.79 

2225.77 

579.44 

735.93 

2.57 

86.52 

2523.79 

2437.27 

579.44 

637.73 

13.37 

346.29 

2523.79 

2175.50 

579.44 

775.31 

0.30 

298.02 

2523.79 

2225.77 

579.44 

579.44 

21.76 

IC4C.77 

4312.71 

'3271.94 

80.22 

590.12 

39.27 

168.53 

4299.13 

4130.59 

80.22 

536.20 

1.61 

2117.70 

4602.76 

2465.06 

80.22 

60.52 

1.06 

1444.70 

3917.87 

2473.17 

294.05 

294.05 

3.92 

3055.17 

338E.63 

333.46 

182.69 

1E2.69 

•* 11.58 

5412.08 

5745.54 

333.46 

19b. 20 

198.20 

12.26 

43.72 

2567.51 

2523.79 

579.04 

579. G8 

8.96 

21.38 

2545.17 

2523.79 

579.04 

579.94 

40.84 

26.25 

2466.52 

2440.27 

1153.63 

1151.27 

• 1.86 

40.06 

3293.53 

3353.45 

182.69 

162.69 

1.32 

788.15 

3353.45 

2565.30 

162.69 

1124.24 

0.55 

78 8.15 

3353.45 

2565.30 

162.69 

162.69 

• 1.88 

16.93 

2565.30 

2548.37 

775.59 

775.59 

0.53 

111.61 

2650.04 

2538.23 

579.04 

579.04 
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i 


►t i S 



•A* 

U1 


73 

Cfl 

05 

00 

Ol 

•A* 

<Q 

I 

N> 


CSCELLANPCUS CCMPONFNTS 
g CXIDI 7ER 

LOW PRESSURE PUMP DISCHARGE DUCT 
LOW PRESSURE TURBINF IN LFT DUCT 
S HIGH PRESSURE MAIN PUMP DISCH DUCT-SECT 1 

C 1 HIGH PRESSURE MAIN PUMP DISCH DUCT-SECT 2 

HIGH PRESSURE BOOST PUMP INLET DUCT-SECTION 1 
HIGH PRESSURE BOOST PUMP INLET DUCT-SECTION 2 
HIGH PRESSURE BOOST PUMP DISCHARGE DUCT 
OXIDIZER PR F BURNER INLET DUCT 
OXIDIZER PREBURNER DOME 
FUFL PREBUP.NFR INLET DUCT 
FUEL PREBURNER DOME 
THRUST CHAMBER DOME 
FUEL 

LOW PRESSURE PUMP DISCHARGE DUCT 
LOW PRESSURE TURBINE INLET DUCT 
LOW PRESSURE TURBINE DISCHARGE DUCT 
HOT GAS MANIFOLD COOLANT OUCT-FUEL SIDE 
HOT GAS MANIFOLD COOLANT DUCT-OXIDIZER SIDE 
HIGH PRESSURE PUMP DISCHARGE DUCT 
MAIN FUEL VALVE DISCHARGE DUCT 
CHAMBER COOLING JACKET INLET DUCT 
.CHAMBER COOLING JACKET DISCHARGE MANIFOLD 
FIXED NOZZLE COOLING JACKET INLET DUCT 
COOLANT CCNTPOL VALVE INLET DUCT 
COOLANT CONTROL VALVE DISCH DUCT £, MIXER 
FIXED NOZZLE COCLING JACKET DISCH DUCT L MIXE 
PRmURNEP SUPPLY DUCT 
FUEL PREBURNER INLET DUCT 
OXIDIZER PR CBURNFR INLET DUCT 
FUEL PREBURNER INLET MANIFOLD 
OXIDIZER PREBURNER INLET MANIFOLD 


FLOWRATE 

OELTA P 

PRESSURE(PSIA) 

' TEMP 

{ LB/SEC ) 

( PSI ) 

INLET 

DISCHARGE 

(DEG R) 

8C5.52 

32.59 

- 366.05 

333.46 

168.26 

141. 24 

106.38 

3496.38 

3369.99 

162. 69 

679.70 

91.01 

3496.38 

3405.37 

162.69 

6C-8.73 

32.33 

3405.37 

3373.04 

182.69 

70.97 

11.63 

3405.37 

3393.53 

182.69 

69.09 

4.96 

3393.53 

3368.63 

ie2.69 

53.5b 

1.89 

5795 . 54 

5743.65 

19 B. 20 

14. *4 

18.80 

5743.65 

5724. 

196.20 

13.97 

6.91 

3921.93 

3915.02 

196.20 

39.14 

6.48 

5743.65 

5737.17 

198.20 

38.66 

11.20 

3874.95 

3863.75 

198.20 

6C8.20 

288.36 

3054.41 

2766.05 

182.69 

110.71 

31.62 

196.18 

164.56 

38.97 

21.76 

121.79 

3197.76 

3075.99 

5R0.12 

.21.22 

60.76 

265 C. 04 

2589.28 

579.04 

12.26 

21.77 

2589.28 

2567.51 

579.04 

8.96 

44.11 

2589.28 

2545.17 

579.04 

109.20 

49.09 

4602.76 

4553.67 

eo.22 

61.04 

32.33 

4365.76 

4352.63 

00.22 

21.76 

40.13 

4352.83 

4312.71 

80.22 

21.78 

74.16 

3271.94 

3197.78 

590.12 

39.27 

53.70 

4352.83 

4299.13 

80.22 

47.33 

35. E4 

.4385.76 

4349.92 

80.22 

47.33 

62.56 

4094.47 

4031.92 

60.22 

39.27 

98.68 

4130.59 

4031.92 

536.20 

F6. 60 

24.17 

4031.92 

4007.74 

294.05 

60.07 

25.30 

4008.36 

39 £3 • 06 

294.05 

26.53 

75.67 

4008.38 

3932.70 

294.05 

59.20 

20.65 

3983. C6 

3962.41 

294.05 

25.57 

14.83 

3932.70 

3917.87 

294.05 


ci 
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TABLE XV H (Concluded) 


15Z 6.0 


FLOWRATE 

0EL7A P 

PRESSURE(PSIA) 

TEMP 

ISCELLANPPUS COMPONENTS 


( Lb/StC > 

(PSI) 

INLET 

DISCHAPGE 

(DEG R ) 

HOT GAS 







HIGH PRESSURE FUEL TURBINE INLET DUCT 


99.21 

9.24 

*3554.16 

3544.92 

1926.60 

HIGH PRESSURE OXIDIZER TURBINE INLET DUCT 


39.01 

11.72 

3595.36 

3583.65 

1289.60 

HIGH PRESSURE FUEL TURBINE TURNAROUND DUCT 


100.73 

12.70 

2485.06 

2972.36 

1309.35 

HIGH PRESSURE OXIDIZER TURBINE DISCHARGE DUCT 

AO. 84 

6.65 

2973.17 

2966.52 

1153.63 

HOT GAS MANIFOLD— FUEL SIDE 


100.73 

32.05 

2472.36 

2990.31 

1309.35 

HOT GAS MANIFOLD-OXIDIZER SIDE 


40.84 

26.25 

2466.52 

2990.27 

1153.63 

MAIN INJECTOR POSTS-FUEL SIDE 


100.73 

3.04 

2990.31 

2937.27 

1309.35 

MAIN INJECTOR POSTS-OX IDI ZER SIDE 


40.84 

3.00 

2990.27 

2937.27 

1153.63 

‘.NITER SYSTEM 







MAIN CHAMBER 







CXIPIZFR PRIMARY SUPPLY DUCT 


0.29 

436.66 

3373.04 

2936.38 

162.69 

OXIDIZER BYPASS DUCT 


0.24 

i 18 .03 

3054.41 

2936.3b 

182.69 

OXIDIZER IGNITOR CIRCUIT 


0.54 

710.61 

2936.38 

2225.77 

182.69 

FUEL SUPPLY CIRCUIT 
MIXTURE RATIO - D/F 

0.66 

0.81 

2159.99 

4553.67 

2225.77 

80.22 

OXIDIZER PREBURNER 







OXIDIZER PRIMARY SUPPLY DUCT 


0.47 

1805.66 

5724.64 

3919.18 

198.20 

OXIDIZER BYPASS DUCT 


-0.01 

0.02 

3919.17 

3919.18 

198.20 

OXIDIZFR IGNITOR CIRCUIT 


0.46 

323.82 

3919.18 

3595.36 

198.20 

FUEL SUPPLY CIRCUIT 
MIXTURE RATIO -O/F 

0.48 

0.96 

337.34 

3932.70 

3595.36 

294.05 

FUEL PPE BURNER 







OXIDIZER PRIMARY SUPPLY DUCT 


0.46 

1869.82 

5737.17 

3867.35 

198.20 

OXIDIZER BYPASS DUCT 


-0.01 

0.05 

3867.31 

2867.35 

198.20 

OXIDIZER IGNITOR CIRCUIT 


0.47 

313.19 

• 3867.35 

3559.16 

198.20 

FUEL SUPPLY CIRCUIT 
MIXTURE RATIO - O/F 

0.54 

0.87 

428.90 

3983.06 

3559.16 

294. C5 

:N DATE 06/19/72 DATA READ 0.0067 BALANCE 

6.0833 HEATEX 22. 

1733 TOTAL 22.4733 





DVS-SSMFJ-101 

20 JULY 1973 


RSS-8549-2 


6 


TABLE XXII 


ROCKET DYNE SSME 

(6Ct) 6.0 




VG1WF VAR I AP LF S - 


SYSTEM 

OXIDIZER 

FUEL 

THRUST 

(LB) 

282000. 



MIXTU°F RATIC - O/F 


6.0000 



SPECIFIC IMPULSE 

(SEC) 

455.83 



ATMOSPHERIC PRESSURE 

(PSIA) 

0.0 



PROP ELL PIT FLCWRATC 

( LB/SEC ) 

620.80 

532.11 

86.69 

PPCPELLFMT INLET TEMPERATURE 

(OEG. R) 


169.00 

37.00 

PPOPFLLPNT 1NLFT PRESSURE 

(PSIA) 


100. CO 

20.00 

PROPELLENT INLET DFNSITY 

( LB/FT3 ) 


70 . 94 

4.41 

PRFSSURI 2 AT I ON FLOWRATE 

(LB/SEC) 


1.68 

0.44 

PRESSURIZATION PRESSURE 

(PSIA) 


2310.39 

2039.66 

PRESSURIZATION TEMPERATURE 

(OEG. R) 


784.19 

611.47 

OVERBOARD LICUID FLOWRATE 

(LB/SEC) 


0.07 

0.0 

OVfR&CARD GAS FLOWRATE 

(LB/SEC) 

o.n 



HRUST CHAMBER VARIABLES 





THRUST 

(LB) 

2820C0. 



MIXTUPE RATIO - O/F 


6.0157 



SPECIFIC/ IMPULSE 

(LB/SEC) 

455.56 



TOTAL FLOWRATE 

(LB/SEC) 

618.48 

530.32 

88.16 

IGNITER FLOWRATE 

(LB/SEC) 

1.23 

0.46 

0.77 

NOZZLE STAGNATION PRESSURE 

(PSIA) 

1778.46 



INJECTOR END PRFSSURE (STATIC) 

(PSIA) 

1783.71 



THRUST COEFFICIENT 


1.9201 



CHARACTERISTIC VCLOCITY 

(FT/SEC) 

7640.39 



GEOMETRIC THROAT AREA 

(IN2) 

83.41 



AERODYNAMIC THROAT AREA 

( IN2 ) 

82.58 



GEOMETO IC AREA R ATIO ■ 

(AE/AT) 

77.50 





FLOWRATE DELTA P 

PRESSURE(PSIA) TEMP 

ONTROL VALVE VARIABLES 


(LB/SEC) (PSD 

INLET 

DISCHARGE ( DEGR ) 

OXIDIZER PREBURNER OXIDIZER VALVF 

R=I126.30- 

10.98 1932.68 

4955.29 

3022.61 196.1 

FUEL P° FRURNER OXIDIZER VALVE 

R= 164. 46 

29.28 2005.31 

4963.44 

2953.13 196.1 

CHEDULED VALVF VARIABLES 





MAIN CX1DI2ER VALVE 

R= 0.20000 

488.75 674.06 

2994.13 

2320.07 181.5 

MAIN FU C L VALVF 

R= 0.24600 

86.47 385.04 

2941.98 

3556.99 77.0 

COOLANT CONTROL VALVE 

R- 2.23000 

28.00 374.10 

3544.00 

3169.89 77.0 


t/-6l A' JAP OS 
fATf-'.rwwS-cArr 
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6C? 6*0 

BCMACHINERY VARIABLES 

PUMP INLET FLCWRATE 
PUMP INLET PRESSURE 
PUMP INLET TEMPERATURE 
PUMP INLET DENSITY 

PUMP DISCHARGE FLOWRATE 
PUMP DISCHARGE PRESSURE 
PUMP DISCHARGE TEMPERATURE 
PUMP DISCHARGE DENSITY 

PUMP TIP SPEED 
PUMP HP AD RISE 
PUMP VOLUMETRIC FLOW-INLET 
PUMP HEAD COEFFICIENT-PSI 
PUMP FLOW COFFF1CICNT-PHI 
PUMP HORSEPOWER 
PUMP EFFICIENCY 
PUMP SPFFD - 

TURBINE FLCWRATE 
TURBINE INLET PRESSURE 
TURBINE INLET TEMPERATURE 

TURBINE DISCHARGE PRESSURE 
TURBINE DISCHARGE TEMPERATURE 

TURBINE TIP SPEED 

TURBINE SPOUTING VFLCCITY 

TURBINE ISENTRCPIC VELOC ITY RATIO 

TURBINE PRESSUPE RATIO - TCTAL/TOTAL 

TURBINE TORQUE 

TURBINE HORSEPOWER 

TURBINE EFFICIENCY 

TURBINE SPEED 


LOW PRESSURE HIGH PRESSURE 



OXIDIZER 

FUEL 

OXIDIZER 

FUEL 




•MAIN BOOST 


(LB/SEC) 

532.11 

88.69 

663.09 55.60 

68.69 

( PS I A ) 

IOC. 00 

30. CC 

336.27 3004.14 

168.68 

( DCG. R) 

164.00 

37.00, 

168.45 181.54 

39.00 

(LB/FT3) 

70.9360 

4.4076 ; 

70.4145 70.6750 

4.4043 

C LB/SEC ) 

663.16 

88.69 

677.44 41.2* 

88.69 

CPS1A) 

358.37 

18e.98 

3074.03 4968.33 

3972.86 

(DEC. R> 

168.45 

39.00 

181.54 196.19 

77.03 

(LB/FT3) 

70.4149 

4.4163 

70.8750 70.3044 

4.7733 

(FT/SEC) 

215.56 

624.48 

645.28 476.91 

1383.13 

(FT) 

524.5 

5143.7 

5598.8 3990.7 

112163.8 

( GPM ) 

3266.7 

9031.0 

4226.5 261.2 

9026.9 


0.3632 

0.4244 

0.4326 0.5645 

1.9032 


0.1518 

0.1751 

0.1071 0.0457 

0.136e 

( BHP ) 

761.7 

1153.0 

8941.4 518.1 

24910.4 


0.6662 

0.7194 

0.7549 0.5776 

0.7325 

(RPM) 

4222.51 

119 26.80 

22305.94 

26637.68 

(LB/SEC) 

131.04 

17.56 

31.50 

77.81 

( PS1 A ) 

2962.20 

2472.77 

2806.60 

2764.69 

(DEG. R) 

161.54 

622.77 

1301.48 

1380.96 

(PSIA) 

358.60 

2138.40 

1974.94 

1983.24 

(DEG R) 

1E0.92 

611.47 

1211.68 

1262. E5 

(FT/SEC) 

110.54 

385.10 

902.04 

1184.38 

(FT/SEC) 

239.10 

2182.06 

3907.11 

3836.68 


0.4623 

0.1765 

0.2513 

0.3065 



1.1564 

1.4212 

1.3940 

( FT-LB ) 

947.39 

507.73 

2227.35 

4911.73 

(BHP) 

761*7 

1152.0 

9459.7 

24911.6 


0.5997 

0.4682 

0.6963 

0.7689 

(RPM) 

4222.51 

11926.80 

22305.94 

26637.88 


>• 
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TABLE XXII (Continued) 


frC t 6.0 fuel’ preburner oxidizer pre&urner 


REBURNER VARIABLES 


OXIDIZER FUEL 

OXIDIZER 

FUEL 

INLEJ FLOWRATE (INCLUDING IGNITER) 

(LB/SEC) 

29 

.77 48 

.04 

11.47 

20.86 

INLET PRESSURE 

(PS) A) 

2958 

.13 3113 

.42 

3022.61 

3075.46 

INLET TEMPERATURE 

(DEG R) 

196 

.19 302 

.66 

196.19 

302.66 

INJECTOR FLOWRATE 

(LB/SEC) 

29 

.41 47 

.35 

11.10 

19.27 

INJECTOR INLET PRESSURE 

(PSIA) 

2951 

.67 3097 

.03 

3018.32 

3064.03 

INJECTOR PRESSURE DROP 

(PSI) 

179 

.87 >325 

.22 

202.25 

248.01 

INJECTOR END PRESSURE 

(PSIA) 


2771.80 


2816 

.07 

GAS MIXTURE RATIO 

(O/F ) 


0.6198 


0.5726 

GAS FLOWRATE 

(LB/SEC) 


77.81 


— • * 

.50 

GAS TEMPERATURE 

(DEG R) 


1380. 9e 


1301 

.48 


FLOWRATE 

DELTA P 

P R E S SU R E ( P. S I A ) 

TEMPERATURE (DEG R) 

UN INJECTOR VARIABLES 

(LB/SF.C) 

(PSI) 

INLET 

DISCHARGE 

INLET 

DISCHARGE 

ORIFICE-OXIDIZER 

488.66 

349.71 

2133.42 

1783.71 

181.54 

181.54 

ORIFICE-HOT GAS 

113.76 

163.09 

1946.79 

1763.71 

1222.19 

1222.19 

HOT GAS MIXTURE RATIO 0.5679 

* 






PRIMARY! LOWER) FACEPLATE-FUEL 

4.02 

249.68 

2033.39 

1783.71 

612.37 

774.57 

SECOND ARY (UPPER) FACEPLATE-FUEL 

2.27 

86.59 

2033.39 

1946.79 

612.37 

667.58 

BAFFLES-FUEL 

10.56 

294.05 

2033.39 

1739.33 

612.37 

819.72 

ACOUSTIC CAVITY 

0.25 

249.68 

2033.39 

1783.71 

612.37 

612.37 

OLING CIRCUIT VARIABLES 





■ 


MAIN COMBUSTION CHAMBER 

17.56 

863.32 

3498.74 

2635. 42 

77.03 

622.77 

MAIN CHAMBER NOZZLE 

40. &9 

189.74 

3465.53 

3275.79 

77.03 

• 447.18 

HIGH PRESSURE FUEL TURBINE 

1.45 

1990.62 

3973.86 

1983.24 

77.03 

77.37 

OXIDIZER PREBURNER CASE 

0.E2 

1089.14 

2064.08 

•1974.94 

302.66 

302.66 

OXIDIZER TURBINF F NO BEARING 

3.67 

2667.87 

3004.14 

336.27 

181.54 

iei .54 

PREBURNER PUMP BEARING 

10.69 

4632.06 

4968.33 

336.27 

196.19 

196.19 

HOT GAS MANIFOLD - FUEL SIDE • 

9.88 

36.40 

2069.79 

2033.3? 

611.47 

611.86 

HOT GAS MANIFOLD “ OXIDIZER SIDE 

7.21 

17.84 

2051.22 

2033.39 

611.47 

613.07 

JK PRESSURIZATION SYSTEM VARIABLES 







HEAT EXCHANGER HOT GAS 

32.22 

20.58 

1969.73 

1949.15 

1176.94 

1174.23 

HEAT EXCHANGER OXIDIZER INLET DUCT 

1 .66 

32.27 

3007.33 

2975.05 

181.54 

161.54 

PRIMARY HEATING COIL 

1.18 

649. 55 

2975.05 

2325.50 

181.54 

1147.11 

BYPASS DUCT 

• 0.50 

649.55 

2975.05 

2325.50 

161.54 

161.54 

OXIDIZER TANK PRESSURIZATION DUCT 

1.68 

15.11 

2325.50 

2310.39 

•764.19 

784.19 

FUEL TANK PRESSURIZATION DUCT 

0 . 44 

98.52 

2138.40 

2039.88 

611.47 

611.47 
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TABLE XXII (Continued) 


s 




607, 6.0 

3CELL AN60US COMPONENTS 
OXIDIZER 

LOW PRESSURE PUMP DISCHARGE DUCT 
LOW PRESSURE TURBINE INLET DUCT 
HIGH PRESSURE MAIN PUMP DISCH DUCT-SECT 1 
HIGH PRESSURE MAIN PUMP DISCH DUCT-SECT 2 
HIGH PRESSURE BOOST PUMP INLET DUCT-SECTION 
HIGH PRESSURE BOOST PUMP INLET DUCT-SECTION 
HIGH PP.FSSUPE BOOST PUMP DISCHARGE DUCT 
OXIDIZER PREBURNER INLET DUCT 
OXIDIZER PREBURNER DOME 
FUEL PREBURNER INLET DUCT 
FUEL PREBURNER DOME 
THRUST CHAMBER DOME 
FUEL 

LOW PRESSURE PUMP DISCHARGE DUCT 
LOW PRESSURE TURBINE INLET DUCT 
LOW PRFSSURt TURBINE DISCHARGE DUCT 
HOT GAS MANIFOLD COOLANT DUCT-FUEL SIDE 
HOT GAS MANIFOLD COOLANT DUCT-OXIDIZER SIDE 
HIGH PRESSURE PUMP DISCHARGE DUCT 
MAIN FUEL VALVE DISCHARGE DUCT 
CHAMBER COOLING JACKET INLET DUCT 
CHAMBER COOLING JACKET DISCHARGE MANIFOLD 
F1XE0 NOZZLE COULING JACKET INLET DUCT 
COOLANT CONTROL VALVE INLET DUCT 
COOLANT CONTROL VALVE DISCH DUCT E MIXER 
FIXED NOZZLE COOLING JACKET DISCH DUCT £ MIXE 
PREBURNFR SUPPLY DUCT 
FUEL PREBURNER INLET DUCT 
OXIDIZER PREBURNER INLET DUCT 
FUEL PRFBURNFR INLFT MANIFOLD 
OXIDIZER PREBURNER INLET MANIFOLD 


FLOWRATE 

DELTA P 

PRESSURE(PSIA) 

TEMP 

(LB/SEC) 

< PS1 > 

INLET 

DISCHARGE 

C DEG R) 

663.16 

22.10 

‘ 358.37 

335.27 

168.45 

131.04 

91.83 

3074.03 

29£2. 20 

181.54 

546.40 

58.97 

3C74.C3 

3015.06 

181.54 

489.12 

20.921 

3015.06 

2994.13 

181.54 

57.28 

7.73 

3015. C6 

30C7.33 

161.54 

55.60 

3.18 

3007.33 

3004.14 

181.54 

41.24 

1.13 

4968.33 

4967.20 

196.19 

11.47 

11.91 

4967.20 

4955.29 

196.19 

10.98 

4.29 

3022.61 

3018.32 

196.19 

29.77 

3.76 

4967.20 

4963.44 

196.19 

29.28 

6.45 

2958.13 

2951.67 

196.19 

488.66 

186.65 

2320.07 

2133.42 

181.54 

£8.69 

20.30 

168.98 

168. 6fc 

39.00 

17.56 

101.15 

2573.92 

2472.77 

622.77 

17.09 

50.50 

2138. AO 

2087.90 

611.47 

9.88 

18.11 

2087.90 

2069.79 

611.47 

7.21 

36.68 

2087.50 

2051.22 

611.47 

87.23 

31.88 

3973. e6 

3941.98 

77.03 

58.45 

30.17 

3556. 9A 

3525.65 

77.03 

17.56 

26.91 

3525.65 

3498.74 

77.03 

17.56 

61.50 

2635. A2 

2573.92 

622.77 

40.89 

60.12 

3525.65 

3465.53 

77. G3 

28.00 

12.94 

• 3556. 9A 

3544.00 

77.03 

28.00 

ie.A5 

3169.89 

3151.44 

77.03 

AO. 89 

124.35 

3275.79 

3151.44 

447. 18 

68.90 

18.97 

3151. AA 

3132.48 

302.66 

48.04 

20.07 

3133. A9 

3113.42 

202.66 

20.86 

58.03 

3 133. 49 ‘ 

3075.46 

302.66 

47.35 

16.39 

3113.A2 

3097.03 

302.66 

20.10 

11.37 

3075. A6 

3064.08 

302.66 


>■ 
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TABLE XXII (Concluded) 






|: 

60? 6.0 

FLOWRATE 

DELTA P 

PRESSURE(PSIA) 

TEMP 

f a % 

ISCFLLANFOUS COMPONENTS 

(LB/SECI 

(PSD 

INLET 

DISCHARGE 

(.LEG R) 


HOT GAS 






' g © 

HIGH PRESSURE FUEL TURBINE INLET DUCT 

77.81 

7.12 

- 2771.80 

2764.69 

1380.98 


HIGH PRESSURE OXIDIZER TURBINE INLET DUCT 

31.50 

9.27 

2816. C7 

2806.80 

1301.48 


HIGH PRESSURE FUEL TURBINE TURNAROUND DUCT 

79.26 

9.69 

1983.24 

1973.56 

1264.90 


HIGH PRESSURE OXIDIZER TURBINE DISCHARGE DUCT 

32.22 

5.21 

1974.94 

1969.73 

1176.94 

G \pp* 

HOT GAS MANIFOLU-FUFL S IDF 

79. 2B 

24.45 

1973.56 

1949.11 

1264.90 

Q 

HOT GAS MANIFOLD-OXIDIZER SIDE 

32.22 

20. 4e 

1969.73 

1949 .'15 

1176.94 


. MAJN INJECTOR PCSTS-FIJEL SIDE 

79.28 

2.3? 

1949.11 

1946.79 

1264.90 


MAIN INJECTOR PCSTS-OXIDIZER SIDE 

32.22 

2.35 

1949.15 

1946.79 

1176.94 

[S 

IGNITER SYSTEM 







MAIN CHAMBER 







OXIDIZER PRIMARY SUPPLY DUCT 

0.37 

690.01 

2994.13 

2304.11 

lb 1 • 54 


OXIDIZER BYPASS DUCT 

0.09 

15.95 

2320.07 

2304.11 

181.54 


CXIDIZER IGNITOR CIRCUIT 

0.46 

520. 41 

23C4.11 

17e3.71 

161.54 

l 

FUEL SUPPLY CIRCUIT 

0.77 

1773.24 

3941.98 

1783.71 

77.03 

:» 

C/i 

MIXTURE RATIO - O/F 0.60 






(7) 

OXIDIZER °REBURNER 






M 1 

cn oo 

OXIDIZER PRIMARY SUPPLY DUCT 

C.49 . 

1928.90 

4955.29 

3026.40 

196.19 

►— * tn 
4*. 

OXIDIZER BYPASS DUCT 

~0.11 

5.50 

3020.89 

3026.40 

196.19 

£ lO 

1 

CXIDIZER IGNITOR CIRCUIT 

0.37 

210.32 

3026.40 

2816.07 

196.19 

ro 

FUEL SUPPLY CIRCUIT 

0.76 

259.38 

3075.46 

2816.07 

302.66 

1 ■ 

MIXTURE RATIO - O/F 0.49 







FUEL PREBURNFR 






! 

CXIDIZER PRIMARY SUPPLY DUCT 

. 0.49. 

2002.47 

4963.44 

2960.97 

196.19 


OXIDIZFR BYPASS DUCT 

-0.13 

7.2* 

2953.72 

2960.97 

196.19 


OXIDIZER IGNITOR CIRCUIT 

0.36 

169.16 

2960.97 

2771.80 

196.19 

i 

FlIFL SUPPLY CIRCUIT 

0.69 

341.61 

3113.42 

2771.80 

3C2.66 

I 

\ 

MIXTURE RATIO - O/F 0.52 



t 




.vr.,*v V.' ^ I m J €. , 

UN DATE 06/19/73 DATA READ 0.0067 BALANCE 21.5400 HEATEX 33.1600 TOTAL 33.^533 



t- 
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TABLE XXVII 


P.CCKETDYNE SSHE ( 50 *) 

HPL 6.0 

* 



NGINE VARIABLES ~ 


SYSTEM 

0XIDI2ER 

FUEL 

THRUST 

(LB! 

235000. 



MIXTURE RATIO - 0/P 


6.0000 

- 


SPECIFIC IMPULSE 

(SEC! 

455.57 



ATMOSPHERIC PRESSURE 

( PS1A ! 

0.0 



PROPELLENT FLOWRATE 

(LB/SEC ! 

517.77 ' 

443.60 

73.97 

PROPELLENT INLET TEMPERATURE 

(DEG. R } 


164.00 

37.00 

PROPELLENT INLET PRESSURE 

(PSI A } 


100.00 

30.00 

PROPELLENT INLET DENSITY 

(L8/FT3! 


70.94 

4.41 

PRESSURIZATION FLOWRATE 

(LB/SEC) 


1.53 

0.38 

PRESSURIZATION PRESSURE 

(PSIA) 


2214.59 

1711.88 

PR ESSURI ZAT I ON TEMPERATURE 

(DEG. R! 


830.49 

637.97 

OVERBOARD LIQUID FLOWRATE 

(LB/SEC ! 


0.06 

0.0 

OVERBOARD GAS FLOWRATE 

(LB/SECI 

0.09 



HRUST CHAMBER VARIABLES 


* 



THRUST 

(LB! 

235000. 



MIXTURE RATIO - 0/f 


6.0150 



SPFCIFI C IMPULSE 

(LB/SEC) 

455.70 



TOTAL FLOWRATE 

(LB/SEC! 

515.69 

442.18 

73.51 

IGNITER FtOWRATF 

(LB/SEC! 

1.13 

0.39 

0.74 

NOZZLE STAGNATION PRESSURE 

(PSIA! 

1480.91 



INJECTOR END PRESSURE (STATIC! 

(PSIA! 

1487.57 



THRUST COEFFICIENT 


1.9215 



CHARACTERISTIC VFLCCITY 

(FT/SEC! 

7630.20 

• 


GEOMETRIC THROAT AREA 

(IN2! 

83.41 



AERODYNAMIC TMPC AT AREA 

(IN 2! 

82.58 



GEOMETRIC ARFA RATIO 

(AE/AT! 

77.50 





FLOWRATE DELTA P 

PRESSURE (PSIA! TEMP 

NTROL VALVE VARIABLES 


C LB/SEC! (PSI! 

INLET 

DISCHARGE (DEGR! 

OXIDIZER PREbURNER OXIDIZER VALVE 

R=1621.50 

9.42 2056.67 

4547.22 

2490.55 196.30 

FUEL PREBURNER OXIDIZER VALVE 

R= 266.90 

23.72 2147.74 

4553.66 

2405.93 196.30 

HCDULED VALVE VARIABLES 





MAIN OXIDIZER VALVF 

R= 0.40006 

4C7.63 940.86 

2802.91 

1662.06 181.74 

MAIN FUEL VALVE 

R= 0*50000 

71.82 550.17 

3548.80 

2998.63 76.30 

COOLANT CONTROL VALVE 

R= 5.00000 

18.67 385.60 

2992.68 

2607.08 76.30 
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TABLE XXVII 


MPL 6.0 

JRBCMACH1NFRY VARIABLES 


PUMP -INLET FLOWRATE 

( LB/SEC > 

PUMP INLET PRESSURE 

(PSIA) 

PUMP INLET TEMPERATURE 

(DEG. R» 

PUMP inlet density 

(LB/FT3) 

PUMP DISCHARGE FLOWRATE 

(LB/SFC) 

PUMP DISCHARGE PRESSURE 

(PSIA) 

PUMP DISCHARGE TEMPERATURE 

(DEG. R) 

PUMP DISCHARGE DENSITY 

(LB/FT3) 

PUMP TIP SPEED 

(FT/SEC) 

PUMP HE«D RISE 

(FT) 

PUMP VOLUMETRIC FLOW-INLET 
PUMP HEAD COEFFICIENT-PSI 
PUMP FLOW COEFFICIENT-PHI 

(GPM ) 

PUMP HORSEPOWER 

(BHP) 

PUMP EFFICIENCY 


PUMP SPEED 

(RPM) 

TURBINE FLOWRATE 

(LB/SEC) 

TURBINE INLET PRESSURE 

(PSIA) 

TURBINE INLET TEMPERATURE 

(DEG. R) 

TURBINE DISCHARGE PRESSURE 

(PSIA) 

TURBINE DISCHARGE TEMPERATURE 

(DEG R) 

TURBINE TIP SPEED 

(FT/SEC) 

TURBINE SPOUTING VELOCITY 

(FT/SEC) 


TURBINE I SENTRCIPIC VELOCITY RATIO 
TURBINE PRESSURE RATIO - TOTAL/TOTAL 
TURBINE TORQUE (FT-LB) 

TURBINE HORSEPOWER (BHP ) 

TURBINE EFFICIENCY 

TUPBINE SPEED (RPM) 


( 


(Continued) 


LOW PRESSURE HIGH PRESSURE 


OXIDIZER 

FUEL 

OXIDIZER 
MAIN BOOST 

FUEL 

443.80 

73.97 

- 568.95 47.84 

73.97 

ICO. 00 

30.00 

341.64 2809.40 

174.01 

164.00 

37.00 

168.95 181.74 

39.15 

70.9380 

4.407,6 

70.3266 70.6531 

4.4031 

569.01 

73.9*7 

582.64 34.15 

73.97 

357.94 

188.15 

2858.99 4556.95 

3571.27 

168.95 

39.15 

181.74 196.30 

76.30 

70.3266 

4.4115 

70.6531 69.9471 

4.6846 

210.88 

606.79 

609.01 450.10 

1287.80 

523.6 

5116.7 

5154.5 3561.7 

101812.7 

2808.0 

7532.1 

.3631.0 216.9 

7533.5 

0.3788 

0.4471 

0.4471 0.5657 

1.9752 

0.1294 

0.1503 

0.0975 0.0402 

0.1227 

673.2 

992.4 

7267.4 410.1 

19400.9 

0.6276 

0.6934 

0.7337 0.5392 

0.7C58 

4130.83 

11588.89 

21051.95 

24801.93 

125.20 

14.91 

26.12 

64.25 

2774.89 

2085.64 

2327.75 

2276.17 

181.74 

649.78 

1382.40 

’ 1371.70 

358.05 

1802.54 

1647.28 

1653.28 

181.09 

637.97 

1292.30 

1279.50 

108.14 

374.19 

926.83 

1102.75 

229.84 

2220.68 

3904.13 

3753*91 

0.4705 

0.1685 

0.2374 

0.2936 


1.1571 

1.4131 

1.3768 

855.98 

449.75 

1915.43 

4108.59 

673.2 

992.4 

7677.6 

19401.9 

0.6004 

0.4778 

0.6824 

0.7584 

4130.83 

11588.89 

21051.95 

24801.93 
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TABLE XXVII (Continued) 


MPL 6*0 


FUEL PREBURNER 

OXIDIZER 

PREBURNER 

RERURNER VARIABLES 


OXIDIZER FUEL 

OXIDIZER 

FUEL 

INLET FLOWRATE (INCLUDING IGNITER) 

(LB/SEC) 

24 

.23 40. 

02 

9.92 

16.88 

INLET PRESSURE 

(PS TA) 

2405 

.93 2571. 

95 

2490.55 

2542.62 

INLET TEMPERATURE 

(DEG R) 

196 

.30 316. 

52 

196.30 

316.52 

INJECTOR FLOWRATE 

(LB/SEC) 

23 

.92 , 39. 

44 

9.59 

15.59 

INJECTOR INLET PRESSURE 

(PSIA) 

2401 

.67 2558. 

07 

2487.38 

2533.54 

INJECTOR PRESSURE DROP 

(PSI) 

119 

.64 '276. 

04 

151.75 

197.90 

INJECTOR END PRESSURE 

(PSIA) 


228 2.03 


2335 

.63 

GAS MIXTURF RATIO 

(0/F ) 


0.6056 


0.6120 

GAS FLOWRATE 

(LB/SEC I 

. 

64.25 


26 

.12 

GAS TEMPERATURE 

(DEG R) 


1371.70 


1382 

.40 


FLOWRATE 

DELTA P 

PRESSURE (PSIA) 

TEMPERATURE (DEG R) 

AIN INJECTOR VARIABLES 

(LB /SEC) 

(PSI) 

INLET DISCHARGE 

INLET 

DISCHARGE 

ORIFICE-OXIDIZER 

407.67 

244.17 

1731.74 

1487.57 

181.74 

181.74 

. OR IF ICE-HOT GAS 

94.43- 

135.77 

1623.35 

1487.57 

1237.44 

1237.44 

HOT GAS MIXTURE RATIO 0.5658 






• 

PRIMARY(L0WER)FACEPLATE-FUEL 

3.42 

222.47 

1710.04 

1487.57 

639.62 

804.32 

SECONDARY(UPPER) FACEPLATE-FUEL 

2.05 

86.69 

1710.04 

1623.35 

639.82 

692.61 

BAFFLES-FUEL 

8.83 

261.71 

1710.04 

1448.33 

639.82 

854.08 

ACOUSTIC CAVITY 

0.21 

222.47 

1710.04 

1487.57 

639.82 

639.82 

DOLING CIRCUIT VARIABLES 







MAIN COMBUSTION CHAMBER 

14.91 

724.52 

2952.67 

2228.15 

76.30 

649.76 

MAIN CHAMBER NOZZLE 

38.22 

190.03 

2918.43 

2728.40 

76.30 

426.34 

HIGH PRESSURE FUEL TURBINE 

1.41 

1917.99 

3571.27 

1653.28 

76.30 

76.69 

OXIDIZER PREBURNER CASE 

0.68 

886.26 

2533.54 

1647.28 

316.52 

316.52 

OXIDIZER TURBINE END BEARING 

3.52 

2467.75 

2809.40 

341.64 

181.74 

161.74 

PREBURNER PUMP BEARING 

10.17 

4215.30 

4556.95 

341.64 

196.20 

196.30 

HOT GAS MANIFOLD - FUEL SIDE 

8.36 

32.10 

1742.14 

1710.04 

637.97 

639.03 

HOT GAS MANIFOLD - OXIOIZER SIDE 

6.12 

15.73 

1725.77 

1710.04 

637.97 

640.89 

VNK PRESSURIZATIGN SYSTEM VARIABLES 



• 




HEAT EXCHANGER HOT GAS 

26.71 

17.50 

1642.85 

1625.35 

1254.70 

1251.46 

HEAT EXCHANGER OXIDIZER INLET DUCT 

1.53 

26.79 

2811.76 

2784.97 

181.74 

lbl.74 

PRIMARY HEATING COIL 

1.06 

55 6. 51 

2784.97 

2228.46 

181.74 

1223.82 

BYPASS DUCT 

0.47 

356.51 

2784.97 

2228.46 

181.74 

181.74 

OXIDIZER TANK PRESSURIZATION DUCT 

1.53 

13.86 

2228.46 

2214.59 

830.49 

830.49 

FUEL TANK PRESSURIZATION DUCT 

o.se 

90.66 

1802.54 

1711.88 

637.97 

637.97 
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TABLE XXVII (Continued) 


.* . MPL 6.0 

MISCELLANEOUS COMPONENTS 
OXIDIZER 



03 

I 


(-■ 00 
tn Ol 
cn .p* 
<0 
l 

to 


LOW PRESSURE PUMP DISCHARGE DUCT 
LOW PRESSURE TURBINE INLET DUCT 
HIGH PRESSURE MAIN PUMP OISCH DUCT-SECT 1 
HIGH PRESSURE MAIN PUMP DISCH DUCT-SECT 2 
HIGH PRESSURE BOOST PUMP INLET DUCT-SECTION 1 
HIGH PRESSURE BOOST PUMP INLET DUCT-SECTION 2 
HIGH PRESSURE BOOST PUMP DISCHARGE DUCT 
OXIDIZER PREBURNFR INLFT DUCT 
OXIDIZER PREBURNER DOME 
FUEL PREBUPNER INLET DUCT 
FUEL PREBUPNER DOME 
THRUST CHAMBER DOME 
FUEL 

LOW PRESSURE PUMP DISCHARGE DUCT 

LOW PRESSURE TURBINE INLET DUCT 

LC-W PRESSURE TURBINE DISCHARGE DUCT 

HOT GAS MANIFOLD COOLANT DUCT-FUEL SIDE 

HOT GAS MANIFOLD COOLANT DUCT-OXIDIZER SIDE 

HIGH PRESSURE PUMP DISCHARGE DUCT 

MAIN FUEL VALVE DISCHARGE DUCT 

CHAMBER COOLING JACKET INLET DUCT 

CHAMBER COOLING JACKET DISCHARGE MANIFOLD 

FIXED NOZZLE COOLING JACKET INLET DUCT 

COOLANT CONTROL VALVE INLET DUCT 

COOLANT CONTROL VALVE DISCH DUCT £ MIXER 

FIXED NUZZLE COOLING JACKET DliuH DUCT £ MIXE 

PREBURNER SUPPLY DUCT 

FUEL PREBURNER INLET DUCT 

OXIDIZER PREBURNER INLET DUCT 

FUEL PREBURNER INLET MANIFOLD 

OXIDIZER PREBURNER INLET MANIFOLD 


FLOWRATE 

DELTA P 

PRESS UR E(PSIA) 

TEMP 

(LB/SEC) 

(PSI) 

INLET 

DISCHARGE 

(DEG R) 

569.01 

16.29* 

357.94 

341.64 

168.95 

125.20 

84.09 

2853.99 

2774.89 

181.74 

457.43 

41.46 

2858.99 

2617.52 

181.74 

' 408. C6 

14'. 61 

2817.52 

2802.91 

181.74 

49.37 

5,. 76 

2617.52 

2 811.7.6 

161.74 

47.84 

2.36 

2811.76 

2809.40 

181.74 

24.15 

0.78 

4556.95 

4556.17 

196.30 

9.92 

8.95 

4556.17 

4547.22 

196.30 

9.42 

3.17 

2490.55 

2487.38 

196.30 

24.23 

2.51 

4556.17 

4553.66 

196.30 

23*72 

4.26 

2405.93 

2401.67 

196.30 

407.67 

130.32 

1862.06 

1731.74 

181.74 

73.97 

14.14 

188.15 

174.01 

39.15 

14.91 

88.68 

2174.32 

2085.64 

649.78 

14.51 

44.45 

1802.54 

1758.10 

637.97 

8.38 

15.96 

1753.10 

1742.14 

637.97 

6.12 

32.32 

1758.10 

1725.77 

637.97 

72.55 

22.47 

3571.27 

3548. SO 

76.30 

53.13 

25.41 

2998.63 

2972.73 

76.30 

14.91 

20.06 

2972.73 

2952.67 

76.30 

14.91 

53.82 

2228.15 

2174.32 

649.73 

38.22 

54.30 

2972.73 

2918.43 

76.30 

18.67 

5.95 - 

2998.63 

2992.68 

78.30 

18.67 

2.83 

2607.03 

26C4.26 

76.30 

38.22 

124.14 

2728.40 

2604.26 

428.34 

56.90 

15.75 

2604.26 

2538. 5G 

316.52 

40.02 

16.98 

2588.93 

2571.95 

316.52 

i6.ee 

46.32 

2588.94 

2542.62 

316.52 

39.44 

13.88 

2571.95 

2558.07 

316.52 

16.27 

9.08 

2542.62 

2533.54 

318.52 
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TABLE XXVII (Concluded) 


MPL 6.0 


FLOWRATE 

DELTA P 

PRESSURE(PSIA) 

TEMP 

SCELLANEOUS COMPONENTS 


(Lb/SEC) 

' (PSD 

INLET 

DISCHARGE 

(DEG R) 

HOT GAS 

HIGH PRESSURE FUEL TURBINE INLET DUCT 


64.25 

5.86 

'2282.03 

2276.17 

1371.70 

HIGH PRESSURE OXIOIZER . TURBINE INLET DUCT 


26.12 

7.88 

2335.63 

2327.75 

1382.40 

HIGH PRESSURE FUEL TURBINE TURNAROUND DUCT 


65.67 

7.95 

1653.23 

1645.33 

1255.68 

HIGH PRESSURE OXIDIZER TURBINE DISCHARGE DUCT 

26.71 

4.43 

1647.28 

1642.85 

1254.70 

HOT GAS KANIFULD-FUEL SIDE 


65.67 

20.07 

1645.33 

1625.25 

1255.68 

HOT GAS MANIFOLD-OXIDIZER SIDE 


26.71 

17.50 

1642. S5 

1625.35 

1254.70 

MAIN INJECTOR PQSTS-FUEL SIDE 


65.67 

1.90 

1625.25 

1623.35 

1255.68 

MAIN INJECTOR POSTS-CXIDIZER SIDE 


26.71 

2.00 

1625.35 

1623.35 

1254.70 

NITER SYSTEM 
MAIM CHAMbFR 

OXIDIZER PRIMARY SUPPLY DUCT 


0.43 

937.58 

2802.91 

1865.33 

161.74 

OXIDIZER BYPASS , DUCT 


-0.04 

3.27 

1862.06 

1865.33 

181.74 

OXIDIZER IGNITOR CIRCUIT 


0.39 

377.75 

1 .,65 . 33 

l‘t87.57 

181.74 

FUEL SUPPLY CIRCUIT 
MIXTURE RATIO - 0/F 

0.53 

0.74 

1511.05 

3548.80 

1487.57 

76.30 

OXIDIZER PREBURNER 

OXIDIZER PRIMARY SUPPLY DUCT 


0.50 

2045.52 

4547.22 

2501.70 

196.30 

OXIDIZER BYPASS DUCT 


-0.17 

12.41 

2489.28 

2501.70 

196.30 

OXIDIZER IGNITOR CIRCUIT 


0.33 

166.07 

2501.70 

2335.63 

196.30 

FUEL SUPPLY CIRCUIT > 
MIXTURE RATIO - 0/F 

0.54 

0.61 

206.99 

2542.62 

2335., 63 

316.52 

FUEL PREBURNER 

OXIDIZER PRIMARY SUPPLY DUCT . . 


0.51 

2133.76 

4553.66 

2419.90 

196.30 

OX 101 Z p R BYPASS DUCT 


- 0.20 

16. e8 

2403.02 

2419.90 

196.30 

OXIDIZER IGNITOR CIRCUIT 


0.31 

137.87 

.2419.90 

2282.03 

196.30 

FUEL SUPPLY CIRCUIT 
MIXTURE RATIO - 0/F 

0.54 

0.58 

289.91 

2571.95 

2282.03 

316.52 


N DATE 06/19/72 DATA READ 0.003? BALANCE 6.1567 HEATEX 17.996? TOTAL 18.2867 
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